
R73AEG364 NASA CR- 121176

NASA/GE QUIET ENGINE "C"..ACOUSTIC TEST RESULTS

PNASA-CR-121176) NASA/GE QUIET ENGINE C N74-22408 \
ACOUSIC TEST RESULTS (General Electric
Co.) '-2t p BC $13.75 CSCL 21E

1/7 Unclas
.. . .. G3/2 8L

by

S.B. Kazin
J.E. Pass

GENERAL ELECTRIC COMPANY

Prepared For

National Aeronautics and Space Admia4stration

NASA Lewis Research Center

Contract NAS3-12430



1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.

NASA CR-121176

4. Title and Subtitle 5. Report Date

NASA/GE QUIET ENGINE "C" ACOUSTIC TEST RESULTS April 1974

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

S.B. Kazin and J.E. Paas R73AEG364

10. Work Unit No.

9. Performing Organization Name and Address

General Electric Company 11. Contract or Grant No.
Aircraft Engine Group

Evendale, Ohio 45215 NAS3-12430

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Contractor Report

National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D.C. 20546

15. Supplementary Notes

Project Manager, E.W. Conrad, V/STOL & Noise Division, NASA Lewis Research Center,
Cleveland, Ohio

16. Abstract

The Quiet Engine "C", low noise technology demonstrator was constructed under the NASA/GE
Experimental Quiet Engine Program in order to acquire directly applicable experimental data

on noise reduction features that might be utilized for future engine systems. This 22,000-
pound (97,900 newton) thrust class, high-bypass turbofan engine was based on a new, supersonic
tip speed (1550 ft/sec, 472 m/sec), 1.6 pressure ratio, single-stage fan. Three approaches to
noise reduction were incorporated in the design of Engine "C": thermodynamic cycle selection,
the design of features that reduce source noise, and the suppression of the generated noise.

Thirteen configurations were examined to determine the effect of design/treatment
variations on the engine's noise characteristics. The maximum baseline perceived noise levels
(PNL's) along the 200-foot (61 m) sideline occurred in the front quadrant. The levels for this
configuration with fan frame treatment were 107.5 PNdB at the approach power setting and 121.6
PNdB at the takeoff power setting. The maximum levels in the front quadrant were reduced to
96.4 PNdB and 106.5 PNdB for approach and takeoff by the addition of a four-ring inlet splitter
system, a splitter in the fan exhaust duct, and extended fan duct wall treatment. The maximum
perceived noise levels for this fully suppressed configuration occurred in the aft quadrant
and were 101.5 PNdB at approach and 110.7 PNdB at takeoff.

Although Engine "C" was not designed for actual flight application the ground static
results were projected to in-flight conditions to indicate potential reductions of landing
approach and takeoff noise levels. When applied to representative aircraft, the projected
airport community noise levels were considerably below those resulting from operation with
currently available engines.

17. Key Words (Suggested by Author(s)) 18. Distribution Statement

Experimental. Quiet Engine Program
Low Noise Propulsion Technology Unclassified - Unlimited
Quiet Engine "C"

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price*

Unclassified Unclassified 213 $3.00

* For sale by the National Technical Information Service, Springfield, Virginia 22151

I



TABLE OF CONTENTS

Page

I. SUMMARY i

II. INTRODUCTION 4

III. TEST VEHICLE 5

A. Engine Description 5

B. Engine Performance 7
C. Test Configurations 7

IV. TEST PROGRAM 11

A. Sound Field Description 11

B. Farfield Data Acquisition 11
C. Acoustic Data Reduction 12
D. Testing Schedules. 13

V. ACOUSTIC DATA ANALYSIS 14

A. Fan Frame Acoustic Treatment 14
B. Full Acoustic Engine Treatment 18
C. Fan Exhaust Treatment 22
D. Core Exhaust Treatment 25
E. Effect of Inlet Splitters 26
F. Effect of Inlet Treatment/Length 28
G. Flyover Noise Projections 30

VI. CONCLUSIONS 33

VII. NOMENCLATURE 34

FIGURES 38

APPENDIX 151

A. Flight Noise Prediction 151

B. One Third Octave Engine Test Data 152

REFERENCES 205

DISTRIBUTION 207

PRECEDING PAGE BLANK NOT FILMED

iiiRNT I~VI



LIST OF ILLUSTRATIONS

Figure Page

1. Fan "C" Rotor. 36

2. Cutaway Drawing of a Quiet Engine. 37

3. Quiet Engine "C" Performance, Fan Map. 38

4. Quiet Engine "C" Performance, Corrected Fan Weight
Flow Vs. Corrected Fan Speed. 39

5. Quiet Engine "C" Performance, Corrected Total Thrust

Vs. Corrected Fan Speed. 40

6. Quiet Engine "C", Cross Section of Frame-Treated

Configuration. 41

7. Quiet Engine "C", Frame-Treated Configuration. 42

8. Quiet Engine "C", Cross Section of Fully Suppressed

Configuration. 43

9. Quiet Engine "C", Fully Suppressed Configuration. 44

10. Quiet Engine "C", Fan Exhaust Variations. 45

11. Quiet Engine "C", Coplanar Nozzle Configuration. 46

12. Quiet Engine "C", Four-Splitter Inlet. 47

13. Aerial View of GE Peebles Sound Field. 48

14. Quiet Engine "C" Mounted on Engine Test Stand. 49

15. Acoustic Data Reduction System. 50

16. Frame-Treated Configuration, Variation of PNL Direc-
tivities with Fan Speed. 51

17. Frame-Treated Configuration, Front and Aft Maximum PNL
Variation with Engine Thrust. 52

18. Frame-Treated Configuration, Variation of SPL Spectra
with Fan Speed at 600. 53

19. Frame-Treated Configuration, Variation of SPL Spectra
with Fan Speed at 900 . 54



LIST OF ILLUSTRATIONS - Continued

Figure Page

20. Frame-Treated Configuration, Variation of SPL Spectra
with Fan Speed at 1200. 55

21. Frame-Treated Configuration, Variation of PNL Direc-
tivities with Fan Exhaust Nozzle for Four Fan Speeds. 56

22. Frame-Treated Configuration, Variation of SPL Spectra
with Fan Exhaust Nozzle for Approach at 600 and 1200. 57

23. Frame-Treated Configuration, Variation of SPL Spectra
with Fan Exhaust Nozzle for Takeoff at 600 and 1200. 58

24. Comparison of Engines "A" and "C" Frame-Treated
Configurations, PNL Directivities for Approach. 59

25. Comparison of Engines "A" and "C" Frame-Treated
Configurations, SPL Spectra for Approach at 600. 60

26. Comparison of Engines "A" and "C" Frame-Treated
Configurations, SPL Spectra for Approach at 1200. 61

27. Comparison of Engines "A" and "C" Frame-Treated
Configurations, Narrowband Overlay for Approach
at 600. 62

28. Comparison of Engines "A" and "C" Frame-Treated
Configurations, Narrowband Overlay for Approach
at 1200. 63

29. Comparison of Engines "A" and "C" Frame-Treated
Configurations, PNL Directivities for Takeoff. 64

30. Comparison of Engines "A" and "C" Frame-Treated
Configurations, SPL Spectra for Takeoff at 600. 65

31. Comparison of Engines "A" and "C" Frame-Treated
Configurations, Narrowband Overlay for Takeoff at
600. 66

32. Comparison of Engines "A" and "C" Frame-Treated
Configurations, SPL Spectra for Takeoff at 1200. 67

33. Comparison of Engines "A" and "C" Frame-Treated
Configurations, Narrowband Overlay for Takeoff at
1200. 68

V



LIST OF ILLUSTRATIONS - Continued

Figure Page

34. Comparison of Engines "A" and "C" Frame-Treated

Configurations, Maximum PNL Variation with Engine

Thrust. 69

35. Comparison of Fully Suppressed and Frame-Treated

Configurations, PNL Directivities at 60% Fan Speed. 70

36. Comparison of Fully Suppressed and Frame-Treated

Configurations, PNL Directivities at 70% Fan Speed. 71

37. Comparison of Fully Suppressed and Frame-Treated

Configurations, PNL Directivities at 80% Fan Speed. 72

38. Comparison of Fully Suppressed and Frame-Treated

Configurations, PNL Directivities at 90% Fan Speed. 73

39. Comparison of Fully Suppressed and Frame-Treated

Configurations, SPL Spectra at 600. 74

40. Comparison of Fully Suppressed and Frame-Treated

Configurations, Narrowband Overlay for Approach

at 600. 75

41. Comparison of Fully Suppressed and Frame-Treated
Configurations, SPL Spectra for Approach at 1200. 76

42. Comparison of Fully Suppressed and Frame-Treated

Configurations, Narrowband Overlay for Approach
at 1200. 77

43. Comparison of Fully Suppressed and Frame-Treated

Configurations, SPL Spectra for Takeoff at 600. 78

44. Comparison of Fully Suppressed and Frame-Treated

Configurations, SPL Spectra for Takeoff at 1100. 79

45. Comparison of Fully Suppressed and Frame-Treated

Configurations, Narrowband Overlay for Takeoff at
600. 80

46. Comparison of Fully Suppressed and Frame-Treated
Configurations, Narrowband Overlay for Takeoff at
1100. 81

47. Comparison of Fully Suppressed and Frame-Treated

Configurations, Maximum PNL Variation with Engine
Thrust. 82

vi



LIST OF ILLUSTRATIONS - Continued

Figure Page

48. Fully Suppressed Quiet Engines. 83

49. Comparison of Engines "A" and "C" Fully Suppressed

Configurations, PNL Directivities for Approach. 84

50. Comparison of Engines "A" and "C" Fully Suppressed
Configurations, SPL Spectra for Approach at 700. 85

51. Comparison of Engines "A" and "C" Fully Suppressed
Configurations, SPL Spectra for Approach at 1200. 86

52. Comparison of Engines "A" and "C" Fully Suppressed
Configurations, PNL Directivities for Takeoff. 87

53. Comparison of Engines "A" and "C" Fully Suppressed

Configurations, SPL Spectra for Takeoff at 700. 88

54. Comparison of Engines "A" and "C" Fully Suppressed
Configurations, SPL Spectra for Takeoff at 1100. 89

55. Comparison of Engines "A" and "C" Fully Suppressed

Configurations, Maximum PNL with Engine Thrust. 90

56. Cross Sections Showing the Installation of Fan Exhaust
Duct Wall Treatment and a Low Mach Number Splitter.. 91

57. Effect of Fan Exhaust Duct Treatment and Splitter, PNL
Directivities at 60% Fan Speed. 92

58. Effect of Fan Exhaust Duct Treatment and Splitter, PNL
Directivities at 70% Fan Speed. 93

59. Effect of Fan Exhaust Duct Treatment and Splitter, PNL
Directivities at 80% Fan Speed. 94

60. Effect of Fan Exhaust Duct Treatment and Splitter, PNL
Directivities at 90% Fan Speed. 95

61. Effect of Fan Exhaust Duct Treatment and Splitter, SPL
Spectra for Approach at 700. 96

62. Effect of Fan Exhaust Duct Treatment and Splitter, SPL
Spectra for Approach at 1200. 97

63. Effect of Fan Exhaust Duct Treatment and Splitter, SPL
Spectra for Takeoff at 700 . 98

vii



LIST OF ILLUSTRATIONS - Continued

Figure Page

64. Effect of Fan Exhaust Duct Treatment and Splitter, SPL

Spectra for Takeoff at 1100. 99

65. Effect of Fan Exhaust Duct Treatment and Splitter,

Maximum PNL Variation with Engine Thrust. 100

66. Quiet Engine "C" Fan Exhaust Configurations. 101

67. Effect of a Coplanar Nozzle, PNL Directivities for

Approach. 102

68. Effect of a Coplanar Nozzle, SPL Spectra for Approach

at 700,. 103

69. Effect of a Coplanar Nozzle, SPL Spectra for Approach

at 1200. 104

70. Effect of a Coplanar Nozzle, Narrowband Overlay for
Approach at 1200. 105

71. Effect of a Coplanar Nozzle, PNL Directivities for
Takeoff. 106

72. Effect of a Coplanar Nozzle, SPL Spectra for Takeoff
at 700. 107

73. Effect of a Coplanar Nozzle, SPL Spectra for Takeoff
at 1100. 108

74. Effect of a Coplanar Nozzle, Maximum PNL Variation
with Engine Thrust. 109

75. Cross Section of the Acoustically Treated Core Exhaust
Duct. 110

76. Effect of Core Exhaust Treatment, PNL Directivities at
60% Fan Speed. 111

77. Effect of Core Exhaust Treatment, PNL Directivities at
70% Fan Speed. 112

78. Effect of Core Exhaust Treatment, PNL Directivities at
80% Fan Speed. 113

79. Effect of Core Exhaust Treatment, PNL Directivities at
90% Fan Speed. 114

viii



LIST OF ILLUSTRATIONS - Continued

Figure Page

80. Effect of Core Exhaust Treatment, SPL Spectra for
Approach at 700. 115

81. Effect of Core Exhaust Treatment, SPL Spectra for
Approach at 1200. 116

82. Effect of Core Exhaust Treatment, Narrowband Overlay
for Approach at 1200. 117

83. Effect of Core Exhaust Treatment, SPL Spectra for
Takeoff at 700. 118

84. Effect of Core Exhaust Treatment, SPL Spectra for
Takeoff at 1100. 119

85. Effect of Core Exhaust Treatment, Maximum PNL Variation
with Engine Thrust. 120

86. Cross Section of the Four-Ring Inlet Splitter System. 121

87. Effect of Inlet Splitters, PNL Directivities at 60%
Fan Speed. 122

88. Effect of Inlet Splitters, PNL Directivities at 70%
Fan Speed. 123

89. Effect of Inlet Splitters, PNL Directivities at 80%
Fan Speed. 124

90. Effect of Inlet Splitters, PNL Directivities at 90%
Fan Speed. 125

91. Effect of Inlet Splitters, SPL Spectra for Approach
at 500. 126

92. Effect of Inlet Splitters, SPL Spectra for Approach
at 1200. 127

93. Effect of Inlet Splitters, SPL Spectra for Takeoff
at 700. 128

94. Effect of Inlet Splitters, SPL Spectra for Takeoff
at 1100. 129

95. Effect of Inlet Splitters, Maximum Front Quadrant PNL
Variation with Engine Thrust. 130

ix



LIST OF ILLUSTRATIONS - Continued

Figure Page

96. Cross Section Showing the Inlet Wall Treatment. 131

97. Effect of Inlet Treatment/Length, PNL Directivities

at 60% Fan Speed. 132

98. Effect of Inlet Treatment/Length, PNL Directivities

at 70% Fan Speed. 133

99. Effect of Inlet Treatment/Length, PNL Directivities
at 80% Fan Speed. 134

100. Effect of Inlet Treatment/Length, PNL Directivities

at 90% Fan Speed. 135

101. Effect of Inlet Treatment/Length, SPL Spectra for
Approach at 500. 136

102. Effect of Inlet Treatment/Length, SPL Spectra for

Approach at 1200. 137

103. Effect of Inlet Treatment/Length, SPL Spectra for
Takeoff at 700. 138

104. Effect of Inlet Treatment/Length, SPL Spectra for
Takeoff at 1100. 139

105. Effect of Inlet Treatment/Length, Maximum Front

Quadrant PNL Variation with Engine Thrust. 140

106. Approach and Takeoff Flight Profiles for a DC8-61
Aircraft Powered by Four Engines "C". 141

107. Comparison of Fully Suppressed and Frame-Treated
Configurations, 370-ft (113 m) Sideline PNL
Directivities for Approach. 142

108. Comparison of Fully Suppressed and Frame-Treated
Configurations, 1000-ft (305 m) Sideline PNL
Directivities for Takeoff. 143

109. Comparison of Fully Suppressed and Frame-Treated
Configurations, Level Flyover of an Aircraft
Powered by Four Engines "C". 144

110. Comparison of Engines "A" and "C" Frame-Treated
Configuration, Level Flyover of an Aircraft
Powered by Four Engines "C". 145

x



LIST OF ILLUSTRATIONS - Concluded

Figure 
Page

ill. Comparison of Engines "A" and "C" Fully Suppressed
Configuration, Level Flyover of an Aircraft Powered
by Four Engines "C". 146

112. Effect of Coplanar Nozzle, Level Flyover of an Aircraft
Powered by Four Engines "C". 147

113. Effect of Core Exhaust Treatment, Level Flyover of an
Aircraft Powered by Four Engines "C". 148

114. Effect of Inlet Splitters, Level Flyover of an Aircraft
Powered by Four Engines "C". 149

115. Effect of Inlet Treatment/Length, Level Flyover of an
Aircraft Powered by Four Engines "C". 150

116. One-Third Octave Test Data. 153

167. One-Third Octave Test Data. 204

xi



LIST OF TABLES

Table Page

I. Quiet Engine "C" Configurations, Summary of 200-ft (61 m)

Sideline Front and Aft Maximum PNL. 2

II. Noise Levels at FAR-36 Reference Points. 3

III. Quiet Engine "C" Demonstrator Characteristics, NASA/GE

Experimental Quiet Engine Program. 6

IV. Quiet Engine "C", Performance and Physical Characteristics. 8

V. Quiet Engine "C", Acoustic Treatment for Engine

Configurations. 10

VI. Engines "A" and "C" Wall Treatment. 21

VII. Quiet Engine "C" Configurations, Summary of Projected

In-Flight Effective Perceived Noise. 31

xii



I. SUMMARY

In order to acquire directly applicable experimental data on noise
reduction features that might be utilized for low noise engine systems, the
General Electric Company constructed the Quiet Engine "C" demonstrator for the
Experimental Quiet Engine Program, under contract to the National Aeronautics
and Space Administration. This 22,000-pound (97,900 newton) thrust class
turbofan engine was based on a new, supersonic tip speed, single-stage fan.
This fan was designed at the altitude cruise condition for a corrected tip
speed of 1550 ft/sec (472 m/sec), at a bypass pressure ratio of 1.6 and with a
corrected fan flow of 915 lbs/sec (415 kg/sec).

The design of the new fan was based on low noise criteria to reduce fan
source noise. Further, the thermodynamic cycle for this engine was selected
to produce low exhaust velocities, thus reducing jet noise. In addition,
sound suppression materials were incorporated in the fan inlet and the exhaust
ducts.

Thirteen configurations were examined to determine the effect of design/
treatment variations on the engine system's noise characteristics. In parti-
cular the following features were investigated: fan speed, operating lines,
fan duct wall treatment, inlet splitters, a low Mach number exhaust splitter,
core exhaust treatment, and a coplanar nozzle. Farfield acoustic data were
recorded at six speed points, with repeats, for the 13 Engine "C" configura-
tions.

All of the static engine test data recorded at General Electric were
extrapolated to the 200-foot (61 m) sideline. The Engine "C" front and aft
quadrant maximum perceived noise levels are summarized in Table I for the
approach and takeoff power settings.

Although Engine "C" was not designed for actual flight application, an
indication of the potential reduction available from the application of
technology evolving from this program to actual flight hardware can be obtained
by projecting ground static results to in-flight conditions. Effective per-
ceived noise levels (EPNL's) were projected both for level flight and for
landing approach and takeoff flight profiles of a representative four engine
aircraft of the current civil fleet. The projected EPNL's for three basic
Engine "C" configurations are compared to current DC8 levels and to the FAR-36
limits as shown in Table II.

1



STable I. Quiet Engine "C" Configurations, Summary of 200-ft (61 m) Sideline Front and Aft
Maximum PNL.

APPROACH TAKEOFF

NASA/GE Quiet Engine "C" Front Aft Front Aft

Configurations PNL Angle PNL Angle PNL Angle PNL Angle

Fan Frame Treated 107.5 600 106.3 1200 121.6 500 118.8 1100

Totally Suppressed Inlet,
Hard Fan Exhaust 99.9* 70 0 107.3 1200 111.9* 700 118.8 1200

Contoured Inlet 103.0 500 102.6 1200 115.5 700 113.6 1100

Long Inlet 102.9 50 0  .101.6 1200 115.2 700 112.8 110*

One Splitter Inlet 99.9 500 102.1 1200 112.3 700 111.2 1100

Two Splitter Inlet 99.8 500 102.9 1200 110.6 70°  112.0 1100

Three Splitter Inlet 99.6 700 102.5 1200 110.3 700 112.1 1100

Four Splitter Inlet 97.5 700 102.0 1200 108.8 700 110.4 1100 & 1200

Long Inlet with
24" MPT Treatment 101.0 600 101.6 1200 112.5 600 110.7 1200

Long Inlet with
36" MPT Treatment 100.3 500 102.0 1200 111.1 700 111.2 1100

Fully Suppressed with
ZHard Core Exhaust 99.1 700 105.7 1200 108.6 700 113.2 1100
0

Fully Suppressed 96.4 700 101.5 1200 106.5* 700 110.7 1100

Coplanar Nozzle 97.2 700 102.5 1200 107.0 70 111.1 1200

* PNL's steadily decrease from the maximum in the aft quadrant. The 700 level is representative of
the front quadrant noise.



Table II. Noise Levels at FAR-361 Reference Points

DC8-Type Aircraft Configuration

Four Engines

Landing Approach, Full Power Takeoff, 3.5
1 N. Mile From Runway N. Mile From Brake Release

JT3D Engine 2  118 EPNdB 117 EPNdB

FAR-36 Limits 106.3 EPNdB 103.5 EPNdB

Quiet Engine "C" with 104.5 EPNdB 105.9 EPNdB
Fan Frame Treatment (Baseline)*

Quiet Engine "C" with Extended 97.4 EPNdB 94.6 EPNdB
Fan Duct Treatment and Aft Splitter

Quiet Engine "C" Fully Suppressed* 93.6 EPNdB 87.0 EPNdB

*Based on projected flight profiles. 3

1. "Noise Standards: Aircraft Type Certification," Vol. III, Part 36, Federal
Aviation Regulations, December 1, 1969.

2. Bishop, D.E. and Simpson, M.A., "Noise Exposure Forecast Contours for 1967,
1970 and 1975 Operations at Selected Airports," FAA Report No. 70-8, 1970.

3. Pendley, R.E., "The Integration of Quiet Engines with Subsonic Transport
Aircraft," Douglas Aircraft Company Report DAC-68510A (NASA CR-72548)
August 1969.

The projected Engine "C" flight noise levels for this class of aircraft
were considerably below the levels of currently available engines which power
the DC8. The "C" baseline effective perceived noise levels were 13.5 and 11.1
EPNdB less than the JT3D levels for the approach and takeoff power settings,
respectively. The four-engine DC8 aircraft, FAR-36 requirements were nearly
achieved with the fan frame treatment alone. The approach level was 1.8 EPNdB
less than the FAR-36 limit while the takeoff level exceeded the limit by
2.4 EPNdB.

The predicted performance presented in Table II indicates that a DC8
aircraft powered by four Engines "C" with fan duct wall treatment would produce
noise reductions of more than 20 EPNdB relative to current DC8's and 8 EPNdB
relative to FAA noise regulation. Further, the projected noise levels of the
DC8 aircraft with four fully suppressed Engines "C" were more than 24 EPNdB
below those of the existing DC8 and more than 12 below FAR-36. (Note that
there is an economic penalty associated with the maximum feasible noise reduc-
tion which can be significant.)1

3



II. INTRODUCTION

The General Electric Company, under contract to the National Aeronautics

and Space Administration, constructed two low noise propulsion technology

demonstrators in the 22,000-pound (97,900 newton) thrust class under the

Experimental Quiet Engine Program. Both demonstrator engines were based on

new, single-stage fans - a subsonic tip speed fan designated as Fan "A" and

a supersonic tip speed fan designated as Fan "C". The Engine "A" demonstrator

was tested at General Electric during the summer and fall of 1971. The

acoustic results of these tests have previously been published.
2 The Engine

"C" demonstrator underwent an extensive test program at General Electric

between April and November 1972. This report describes the acoustic investi-

gation and evaluation of the "C" propulsion demonstrator by the General

Electric Company for the NASA Lewis Research Center.

The major objectives of the Quiet Engine Program were:

1. To determine the noise levels produced by turbofan bypass engines designed

for low noise output and to confirm that predicted noise reductions can

be achieved;

2. To demonstrate the technology and innovations which will reduce the pro-

duction and radiation of noise in turbofan engines;

3. To acquire experimental acoustic and aerodynamic data for high bypass

turbofan engines from which acoustic theory and experience can be corre-

lated to provide a better understanding of the noise production mechanisms.

The engine test program was utilized to provide information pertinent to

achieving those objectives. The goals for the Quiet Engine Program called for

an engine 15-20 PNdB quieter than currently available engines in the same

thrust class. The results of the Quiet Engine "C" testing provided directly

applicable experimental data on noise reduction features that might be applied

to future engine systems.

In general, there are three approaches to noise reduction applicable to

engine technology. These are: thermodynamic cycle selection, design features

that reduce source noise, and suppression of the generated noise. These three

approaches were taken concurrently in the design of Quiet Engine "C".

A high bypass ratio thermodynamic cycle was selected to permit thrust

generation by means of a low specific thrust, that is, a high mass flow with

a low fan exhaust velocity. Further, the exhaust velocity of the core was

reduced by a high extraction of turbine energy and by the use of an "open"

core nozzle. In both cases, the lower exhaust velocities resulted in a

reduction of jet noise. Reduction of fan source noise involved the judicious

selection of design parameters, such as spacing of rotating and stationary

parts, blade/vane ratios, and elimination of inlet guide vanes. Sound suppression

materials were also added in the fan inlet and exhaust ducts.



III. TEST VEHICLE

A. ENGINE DESCRIPTION

Engine "C" was a low noise technology turbofan demonstrator which was
designed, built, and acoustically evaluated under the NASA/GE Experimental
Quiet Engine Program. The 22,000-pound (97,900 newton) thrust class turbofan
consisted of a newly developed, high tip speed, single-stage fan coupled with
the basic TF39/CF6 core.

The QEP Fan "C", which represented an all new design, was a supersonic
tip speed, single-stage fan. It was designed, at the altitude cruise condition,
for a corrected tip speed of 1550 ft/sec (472 m/sec), at a bypass pressure
ratio of 1.6, and with a corrected fan flow of 915 lbs/sec (415 kg/sec)
(see Table III). The fan had 26 unshrouded rotor blades (Figure 1) and 60
outlet guide vanes.

With the exception of the low pressure turbine, the core components in
Engine "C" were adapted with little modification from the CF6-6 engine.
The number of low pressure turbine stages required for the design thrust was
reduced by the high tip speed fan. A two-stage low pressure turbine was
developed to replace the five-stage CF6-6 turbine, thus decreasing engine
weight, cost, and complexity. In that the basic core consisted of proven
components, extensive engine development testing was not required.

The quiet engine cutaway, Figure 2, indicates the low noise design

features that were incorporated in Engine "C". Since a thermodynamic cycle
with a high bypass ratio was selected for the engine, the core and fan exhaust
jet velocities (see Table IV) were relatively low, reducing jet noise substan-
tially. In addition, an "open" core nozzle [850 sq in. (0.54 m) instead of
678 sq in. (0.42 m)] was also utilized to further reduce the velocity of the
core jet to ensure that core jet noise would be lower than fan noise. Design
features also were selected to reduce fan source noise. The fan inlet guide
vanes were eliminated to reduce wake interaction noise. The axial spacing
between the fan rotor blades and the downstream outlet guide vanes was selected
as two aerodynamic chord lengths to minimize rotor wake interaction noise.
The ratio of the number of vanes to the number of blades, which was 60 to 26
or 2.3, was chosen to reduce the noise radiated from the fan. A careful
design balance was made between fan rotational speed and blade aerodynamic

loading to reduce fan noise. Further, an acoustic absorptive treatment was
placed on the inside and outside walls of the airflow passage through the fan
to reduce noise propagation. Additional acoustic treatment was also used to
line the core inlet and turbine exhaust ducts to reduce compressor and turbine
noise.

5



Table III. Quiet Engine "C" Demonstrator Characteristics, NASA/GE
Experimental Quiet Engine Program.

" Turbofan Engine in 22,000-Pound (97,900 Newton) Thrust Class

* Single-Stage Fan

* Supersonic Fan Tip Speed

" High Bypass Ratio

* Two-Stage Low Pressure Turbine

Designed at the altitude cruise condition for:

Corrected Fan Tip Speed 1550 ft/sec (472 m/sec)

Bypass Pressure Ratio 1.6

Corrected Fan Flow 915 ibs/sec (415 Kg/sec)

Bypass Flow Ratio 5.0

6



B. ENGINE PERFORMANCE

Engine "C" performance characteristics were determined by aerodynamic
testing at the General Electric outdoor test facility located in Peebles,
Ohio. (The aero-mechanical performance capabilities as well as distortion

tolerances of Fan "C" had been demonstrated previously during the fan evalu-
ation at General Electric's Full Scale Fan Test Facility located in Lynn,
Massachusetts.) 3 The engine was fully instrumented during the outdoor testing
to measure thrust, fuel consumption, airflow, and other performance character-

istics. Fan performance was determined from the measurement of total tempera-

tures and total pressures at the fan inlet and fan discharge. (Four radial

rakes were used in the inlet while seven circumferential rakes were used in

the fan discharge bypass duct.) These parameters were measured for a full

range of power settings to determine the engine performance for the different

operating conditions.

Three fan nozzles were investigated during the performance testing. These

were designated as "small", 1385 square inches (0.89 m 2 ); "nominal", 1539

square inches (0.99 m 2 ); and "large", 1695 square inches (1.09 m2).

The fan map presented in Figure 3 shows the three operating lines and

the six constant speed lines along which acoustic data were recorded. The

corrected fan weight flow is shown in Figure 4 as a function of percent

corrected fan speed for the three nozzles. The corrected total engine

thrust for the three nozzles is shown in Figure 5 again as a function of

percent corrected fan speed. Pertinent engine characteristics are presented

in tabular form for the approach and takeoff power settings in Table IV.

C. TEST CONFIGURATIONS

Thirteen configurations of Engine "C" were investigated during the test

program. The effects of fan duct treatment were examined as were the effects

of inlet splitters, a low Mach number exhaust splitter, core exhaust treatment,

a coplanar nozzle, and different operating lines (controlled by the fan nozzle

area).

The basic engine configuration incorporated a bellmouth inlet, fan frame

treatment, compressor inlet treatment, and core exhaust treatment. A sketch

of the "frame-treated" engine configuration which indicates the location and

the length of acoustic wall treatment is presented in Figure 6. The treat-

ment in the fan frame was a multiple-degree-of-freedom (MDOF) resonator design

while the treatment in the core exhaust consisted of single-degree-of-freedom

(SDOF) panels. This configuration is shown mounted on the engine test stand

in Figure 7.

In order to suppress fan noise, substantial inlet and fan duct treatment

was added to the basic engine configuration. The length and location of

acoustic treatment for this "fully suppressed" configuration is indicated by

the sketch, Figure 8. A contoured inlet with a four-ring splitter system

was installed in place of the standard bellmouth inlet. This contoured inlet

incorporated 37.3 inches (94.7 cm) of wall treatment. A mixture of 1.0 inch
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Table IV. Quiet Engine "C", Performance and Physical Characterisitics.

Physical Characteristics

100% Corrected Fan Speed 5200 rpm
Fan Diameter 68.3 inches 174.4 cm
Hub/Tip Ratio at Rotor LE .36
Number of Rotor Blades 26
Number of Outlet Guide Vanes 60
Core Nozzle Area 850 sq. inches .54 m2
Nominal Fan Nozzle Area 1539 sq. inches .99 m 2

Performance Characteristics

Takeoff (Sea Level Static)

% Corrected Fan Speed 90.5%
Gross Engine Thrust 22,000 lbs 97,900 Newtons
Fan Tip Speed 1403 ft/sec 427 m/sec
Fan Bypass Pressure Ratio 1.502
Fan Jet Velocity 876 ft/sec 267 m/sec
Core Jet Velocity 864 ft/sec 263 m/sec
Bypass Ratio 4.99
Bypass Flow 674.3 lbs/sec 306.2 kg/sec

Approach (Sea Level Static)

% Corrected Fan Speed 60%
Gross Engine Thrust 7997 lbs 35,587 Newtons
Fan Tip Speed 930 ft/sec 283 m/sec
Fan Bypass Pressure Ratio 1.174
Fan Jet Velocity 535 ft/sec 163 m/sec
Core Jet Velocity 445 ft/sec 136 m/sec
Bypass Ratio 5.16
Bypass Flow 414.7 lbs/sec 188.3 kg/sec
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(2.5 cm) and 0.3 inch (0.75 cm) thick SDOF resonator material was used for both
wall and splitter treatment. Two casings with 2.8 inch (7.1 cm) deep SDOF
treatment for multiple pure tone (MPT) suppression, totaling 36 inches (91.4 cm),
were also added forward of the fan frame. Further, the fan duct was replaced
with a long duct which incorporated a low Mach number exhaust splitter and
89.4 inches (227.1 cm) of extended wall treatment. The treatment for both
the splitter and the wall consisted of one inch (2.5 cm) thick "Scottfelt".
In addition, to prevent casing radiation the engine was wrapped with
polyurethane foam ("Scottfoam") and lead vinyl from the forward edge of the
MPT casing to aft outer cowl (approximately the leading edge of the exhaust
splitter). Photographs of this fully suppressed configuration are presented
in Figure 9.

In order to determine the effectiveness of each additional portion of this
acoustic treatment, a number of configurations were tested which differed from
a preceding configuration by only one piece of treatment. A summary of the
engine configurations is presented in Table V. The table lists the type of
inlet, the number of inlet splitters, the inlet wall treatment including
length, the fan exhaust treatment, and the core exhaust treatment.

The contribution of the fan exhaust duct treatment was investigated by
testing the engine with the inlet totally suppressed and the fan exhaust
untreated. Aft views of the two fan exhaust configurations are presented in
Figure 10. Note the difference in length of the two ducts. The effects of
further extending the duct to the plane of the core exhaust were also examined.
The "coplanar nozzle" configuration is shown in Figure 11.

Similarly, the amount of core noise suppression achieved with the core
exhaust wall treatment was investigated. The core treatment panels were
replaced with hardwall pieces. The test was run while the fan was fully sup-
pressed so that the differences in core noise would be readily observable.

Further, the effect of the inlet splitter system on front quadrant noise
propagation was examined. The four-ring inlet splitter system was designed
so that the individual splitters could be removed, starting with the inner-
most splitter. Figure 12 is a photograph of the four splitter inlet. Noise
levels were measured with one, two, three, and four splitters as well as with
no splitters. These configurations differed from fully suppressed by the
number of splitters and by the replacement of the 36 inches (91.4 cm) of MPT
treatment with a 24-inch (61.0 cm) hardwall spool.

Variations of inlet wall treatment were also investigated. The configura-
tions examined had, in addition to the baseline frame and core treatment, the
contoured inlet and the fan exhaust duct treatment. Four configurations were
tested: (1) with 36 inches (91.4 cm) of MPT treatment, (2) with 24 inches

(61.0 cm) of MPT treatment, (3) with the 24-inch (61.0 cm) hardwall spool in

place of the MPT treatment, and (4) without any MPT section.
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Table V. Quiet Engine "C", Acoustic Treatment for Fnpine Configurations.

Total
Inlet SDOF Inlet Core

Inlet Inlet Wall Treatment Frame Fan Exhaust Exhaust
Configuration Type Splitters Treatment in. cm Treatment Treatment Treatment

Fan Frame Treated Standard None None None X None X

Fully Suppressed Contour Four A, B, & C 73.3 186.2 X E. X

Totally Suppressed Inlet, Contour Four A, B, & C 73.3 186.2 X None X
Hard Fan Exhaust

Coplanar Nozzle Contour Four A, B, & C 73.3 186.2 X E & F X

Fully Suppressed Fan with Contour Four A, B, & C 73.3 186.2 X E None
Hard Core Exhaust

Four Splitter Inlet Contour Four A & D 37.3 94.7 X E X

Three Splitter Inlet Contour Three A & D 37.3 94.7 X E X

Two Splitter Inlet Contour Two A & D 37.3 94.7 X E X

One Splitter Inlet Contour One A & D 37.3 94.7 X E X

Long Inlet Contour None A & D 37.3 94.7 X E X

Contoured Inlet Contour None A 37.3 94.7 X E X

Long Inlet with 24" MPT Treatment Contour None A & B 61.3 155.7 X E X

Long Inlet with 36" MPT Treatment Contour None A, B, & C 73.3 186.2 X E X

A - 37.3" (94.7 cm) of mixed SDOF wall treatment, incorporated in the contoured inlet

B - 24" (61.0 cm) casing with thick SDOF treatment for MPT suppression

C - 12" (30.5 cm) casing with thick SDOF treatment for MPT suppression

D - 24" (61.0 cm) hardwall spool

E - Long duct incorporating a low Mach number exhaust splitter and 89.4" (227.1 cm) of Scottfelt wall treatment

F - Coplanar nozzle



IV. TEST PROGRAM

A. SOUND FIELD DESCRIPTION

Engine "C" testing was performed at the Peebles Test Operation, General
Electric's outdoor test site shown in Figure 13. This test facility permits
full-scale engine measurements of acoustic and aerodynamic performance charac-
tersitics. Two views of Engine "C" mounted on the full-scale engine test stand
are presented in Figure 14.

Acoustic data were recorded using 16 calibrated microphones located on a
150-foot (45.7 m) arc. The microphones were positioned at 10 degree intervals
from 100 to 1600 as measured from the engine centerline at the axial position
of the rotor leading edge. These microphones were attached to towers at a
height of 40 feet (12.2 m) above the level sound field surface of gravel, in
order to simulate ground reflections typical of flyover conditions. In that
the engine centerline height was 13 feet (4.0 m), the actual distance from the
center of the sound field at the fan rotor to each individual microphone was
about 152-1/2 feet (46.5 m). The microphones used were B&K 4133 1/2-inch
(1.3 cm) diameter microphones, each of which was pointed at the engine.

B. FARFIELD DATA ACQUISITION

At least two sets of farfield acoustic data were recorded at six engine
power settings for each configuration. The data were recorded on FM with a
Sangamo 28-channel recorder, Model 4700. A tape speed of 30 ips (0.75 m/sec)
was used to provide a flat frequency response through the 10 KHz 1/3-octave
band. Data were recorded for a minimum of 60 seconds, with all angles being
recorded simultaneously.

Each microphone system consisted of the following equipment:

Component Manufacturer Model

Microphone B&K 4133 1/2 inch (1.3 cm)
Cathode Follower B&K 2615
Power supply B&K 2801

Prior to testing, the frequency response of the system was determined by
removing the microphone head and inputting a constant voltage at various fre-
quencies throughout the range of interest. For a range of 50 Hz to 25 KHz,
this was performed at frequencies of 50, 250, 1000, 5K, 8K, 10K, 12.5K, 16K,
20K, and 25 KHz. The voltage input was chosen at 10 millivolts, approximately
the equivalent to 94 dB for a 1/2-inch (1.3 cm) microphone and an approximation
of the levels encountered during an actual test.

11



The loss through each system was measured by removing the microphone head

and inputting one volt RMS at the microphone preamplifier at a frequency of
250 Hz, which corresponds to the pistonphone frequency. If the system loss was

not within a specified limit, based on the specifications of the components,
then the system was checked and/or changed before continuing.

With the 124 dB pistonphone on the microphone, the voltage output was

compared with the calculated output based on the system losses and the micro-

phone sensitivity. If the actual voltage output agreed within 1/2 dB (approx-
imately 5%) of the calculated output, the microphone was functioning properly.
Microphone cartridges falling outside this limit were set aside for repair
and/or recalibration prior to reuse.

The amplifiers, tape recorder, and data reduction facilities were checked

by recording a pink noise electrical signal of known amplitude. Reduction of

this signal provided a measure of the frequency response of these components.

In addition to these system checks, a pre- and posttest calibration was
recorded on each channel using the 124-dB pistonphone (B&K model 4220).

C. ACOUSTIC DATA REDUCTION

The acoustic data reduction system, schematically illustrated in Figure 15,
was designed specifically to perform time-averaged spectral analysis with a
General Radio 1/3-octave bandwidth parallel filter system using a 30 second
averaging time. Data were recorded on FM analog magnetic tape and was played
back through an amplifier/attenuator to provide the optimum signal input
level to utilize the 50 dB dynamic range of the 1/3-octave filter system. The
output of each filter was directly connected to a detector/integrator circuit
which had built-in "hold" capabilities. The hold capability enabled the
system to accumulate average signal amplitudes for each of the 1/3-octave
bands and to hold them until they were processed through the analog-to-digital
converter. The digital signal was then input to the DDP-116 Computer which
provided a digital magnetic tape used for further computations and an on-line
"quick-look" printout of sound pressure level spectra (temperature and humidity
corrected to Standard Day). The "quick-look" information was used as a quality
check prior to additional data reduction.

"Standard data reduction" of these 1/3-octave results provided in addition:
perceived noise levels, overall sound pressure levels, sound power levels,
overall sound power levels, and directivity indices, as well as extrapolations
to various sideline distances. These 1/3-octave engine test results for the
150-foot (45.7 m) arc are presented in the Appendix.

Noise differences among configurations are shown in this report by compari-
sons of PNL directivities and SPL spectra. Since the test results generally
demonstrated very good repeatability, the 1/3-octave arc data for each power
,settig of each configuration were arithmetically averaged. These 150-foot
(45.7 m) arc sound pressure levels had been corrected to standard day
conditions of 590 F (150 C) temperature and 70% relative humidity according



to the SAE method described in ARP 866.4  These corrected spectral results
were extrapolated to the 200-foot (61 m) sideline, with extra ground attenuation
(EGA) effects applied from the 150-foot (45.7 m) measuring arc to the sideline.
[These EGA effects were calculated according to the SAE report AIR 923 5 using
a downwind velocity of 10 mph (16.1 k/hr) and an elevation angle of Oj1. Perceived
noise levels for a single engine were calculated from these extrapolated spectra
according to SAE procedures in ARP 865A.6 These extrapolated, average results
are presented in this report.

D. TESTING SCHEDULE

Farfield acoustic data were recorded at six speed points, with repeats,
for the Engine "C" configurations. Physical speeds were set to correspond to
the following corrected speeds based on ambient temperature: 2600 rpm, 3120
rpm, 3640 rpm, 4160 rpm, 4680 rpm, and 4940 rpm. These speeds correspond to
10% increments of corrected fan speed from 50% to 90%, plus 95% corrected fan
speed.

Acoustic noise levels were measured for 13 engine configurations between
April and November 1972 (there was a planned break in testing between
late May and mid August while additional hardware was built). In all, 144
hours of acoustic and aerodynamic testing were completed at the Peebles site
with Engine"C".

All noise measurements were obtained while complying with the following
restrictions which were imposed on acoustic testing:

1. Acoustic data were not taken with steady winds greater than 7 mph.
(11.27 km/hr) or gusts greater than 3 mph (4.83 km/hr);

2. Water or snow accumulation on the sound field prohibited testing;

3. Rain, snow, or fog at the test site prohibited testing;

4. Testing was restricted to conditions where the relative humidity was
greater than 30% and lower than 90%;

5. No acoustic data were taken while aerodynamic instrumentation was
installed.
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V. DATA ANALYSIS

A. FAN FRAME ACOUSTIC TREATMENT

The basic Engine "C" configuration investigated during the Peebles test

program contained acoustic treatment in the fan frame, in the compressor inlet,
and in the core exhaust. Details of the acoustic wall treatment for this "frame-

treated configuration are shown in Figure 6. The other Engine "C" configurations

which were tested during the program each contain additional acoustic treatment.

The noise characteristics of the frame-treated configuration are examined

in this section. These baseline noise measurements have been averaged for

each speed point and then extrapolated to the 200-foot (61 m) sideline for

presentation. These results have been corrected to standard day conditions

of 590 F (150 C) temperature and 70% relative humidity.

I. Variation With Fan Speed

The baseline perceived noise directivities were examined at four speed

settings in order to determine the effect of fan speed on the engine's noise

characteristics. Results for the 60%, 70%, 80%, and 90% corrected fan speeds

are shown for the nominal operating line in Figure 16. The perceived noise

at each angle generally increased with successively higher fan speeds, although

the front quadrant noise levels at 80% were very similar to those at 90% fan speed.

Further, the directivity patterns for the 60%, 70%, and 90% fan speed were

similar. At each speed the maximum perceived noise occurred in the front quadrant

at either 500 or 600.

The comparison of maximum perceived noise in the front quadrant and in the

aft quadrant, Figure 17, likewise indicated that the noise levels were

higher in the front quadrant. These sideline perceived noise levels are shown

as a function of corrected engine thrust, with the approach and takeoff power

settings designated. While the aft maximum levels increased smoothly between

the approach and takeoff power settings, the maximum levels in the front increased

sharply between 12,500-pounds (55,656 newtons) thrust and 16,300-pounds (72,535

newtons) thrust. At these data points the engine thrust levels correspond to

70% and 80% fan speeds, respectively. Onset of the supersonic phenomenon of

multiple pure tones (MPT's) or buzz-saw noise occurred between these points.
These MPT's characteristically make a major contribution at frequencies below

the blade passing frequency (at multiples of the fan rotor shaft revolutions)
when the fan rotor tip relative Mach number exceeds unity. As observed in the

previous figure, the front quadrant noise levels for 80% and 90% fan speeds
(power settings at which MPT activity existed) were very similar.

The sound pressure level spectra for the approach (60% speed) and takeoff
(90% speed) power settings are presented for angles 600, 900, and 1200 in
Figures 18 through 20. At the higher tip speed, multiple pure tones were
produced, and in addition, the broadband and BPF related noise increased.
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The differences in terms of perceived noise were larger in the front quadrant
due to multiple pure tones occurring at the takeoff speed. These MPT's were
most prominent within the 400-Hz and 500-Hz 1/3-octave bands.

At 600, MPT's largely controlled the takeoff spectrum. The levels of the
400-Hz and 500-Hz bands were 6 dB and 3 dB higher, respectively, than the level
of the takeoff fundamental. Further, the 400-Hz and 500-Hz bands at takeoff
which contained MPT's, were 33 dB and 30 dB higher than the corresponding bands
at approach. While the fundamental and second harmonic were very prominent in
the approach spectrum at this angle, the takeoff fundamental was, nevertheless,
12 dB higher. (Note that the BPF occurred within different bands - 1250 Hz
for approach and 2000 Hz for takeoff.)

At 900, the most prominent spectral characteristics were likewise the MPT's
at takeoff and the BPF at approach. The sound pressure levels at this angle
were lower, however, than those levels at 600 from 400 Hz to 10 KHz at the take-
off power setting and from the BPF to 10 KHz at the approach power setting.
The SPL deltas between the approach and takeoff spectra were approximately the
same for 1/3-octave bands of 2000 Hz and above. Similarly the difference between
the BPF levels was about 12 dB at this angle, as it was at 600.

At 1200, the spectrum characteristics changed relative to the spectra
examined at the other two angles. Although some MPT content was observed in the
aft takeoff spectrum, it was substantially less than in the front quadrant
spectra. At this aft angle, the BPF was the most prominent takeoff character-
istic. On the other hand, while the fundamental and second harmonic can be
observed in the approach spectrum, the perceived noise for this power setting
was largely controlled by broadband noise. The level of the takeoff BPF was
again 12 dB higher than the approach fundamental. The tone level measured at
both of these fan speeds falls between the corresponding fundamental levels
measured at 600 and 90.

Test results also indicated the presence of an unexplained, low frequency
tone which occurred within the 125-Hz band at the approach power setting and
within the 160-Hz band at the takeoff power setting. This tone is particularly
evident in the 600 results, Figure 18. An investigation into the origin of
this sharp tone seemed to rule out facility noise as well as the data acquisi-
tion and reduction system. The tone was apparently related to the core shaft
speed. However, the source of this core related, 1/rev tone has not been
determined. This tone was evident throughout the Engine "C" test results,
particularly in results of the suppressed configurations.

2. Variation With Fan Exhaust Nozzle

Engine "C" was tested with two additional fan exhaust nozzles to investigate
the effect of the variation of the engine operating line on the engine's per-
formance and acoustic characteristics (see Section III-B for performance
details). The design area of the fan exhaust nozzle was 1539 square inches

(0.99 m2 ). The other nozzles were 10% smaller and 10% larger in area. Thus
the "small" nozzle was 1385 square inches (0.89 m2 ) while the "large" nozzle
was 1695 square inches (1.09 m2).
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The frame-treated configuration was tested with each of the three nozzles.
Variation of noise characteristics are shown relative to the nominal nozzle
results which were presented in the previous section.

Changes in noise directivities with the two nozzles are shown in Figure 21
for the 60%, 70%, 80%, and 90% corrected fan speeds. Only small changes
in the engine's acoustic characteristics due to the exhaust nozzle changes are
indicated by these four curves. Generally, the delta noise reduction was less
than zero, indicating that the perceived noise increased slightly relative to.
the baseline results when the small and large nozzles were installed.

The delta spectral reductions for a forward and an aft angle are shown in
Figure 22 for 60% speed and in Figure 23 for 90% speed. The spectral devia-
tions were generally less than 3 dB different from the baseline spectra. The
results for the large nozzle indicate decreases of noise within some 1/3-octave
bands below the BPF. However, at frequencies above the BPF, the noise levels
for both the small and large nozzles were slightly higher than with the
nominal nozzle, baseline results.

3. Comparison of Engines "A" and "C" Frame-Treated Configurations

The acoustic characteristics of Engine "C" with the basic fan treatment were
compared to the corresponding acoustic results measured for Engine "A". Both of
these low noise technology demonstrators were 22,000-pound (97,900 Newton) thrust
class turbofan engines. Both were based on new, single-stage fans. Fan "C"
was designed for a supersonic tip speed of 1550 ft/sec (472 m/sec) and a pres-
sure ratio of 1.6 while Fan "A" was designed for a subsonic tip speed of 1160
ft/sec (354 m/sec) and a 1.5 pressure ratio. Further, "C" had 26 unshrouded
rotor blades compared to "A" which had 40 tip shrouded rotor blades.

The noise comparisons of the two engines are presented in Figures 24
through 30 for the frame-treated configurations. The acoustic treatment
for "A" closely corresponded to "C" in terms of treatment lengths, placement,
and suppression material. For additional details of the QEP Engine "A",
refer to the report, "NASA/GE Engine 'A' Acoustic Test Results." 2

The perceived noise directivities for the approach power setting are pre-
sented in Figure 24. The noise characteristics at this power setting were
very similar for the two engines especially in the aft quadrant. It can be
observed that the maximum perceived noise for "C" occured at 600 while the
noise level for "A" was slightly higher at 1200 than at 500. A 2 PNdB differ-
ence occurred at 600 and 70.

Spectral comparisons for this power setting are presented for the front
and aft maximum angles (600 and 1200) in Figures 25 and 26, respectively.
The fundamental and the second harmonic tones for Engine "C" were very prominent
in the front quadrant, especially compared to Engine "A". (Note that while
the Engine "C" BPF fell within the 1250 Hz band, the "A" fundamental fell
within the 1600 Hz band.) Although the levels of these tones differed by 6 dB
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to 7 dB at 600, the difference in perceived noise between the two engines at
this angle was 2 PNdB. At 1200, the fundamentals for Engines "A" and "C" again
differed by 6 dB, however, the second harmonics for both were the same level.
At this aft angle the perceived noise levels were the same for the two engines.

Comparisons of the 600 and 1200 spectra for the two engines are also
presented in the form of 20-Hz bandwidth filter, narrowband overlays (see
Figures 27 and 28). These data, measured on the 150-foot (46 m) arc, clearly
show the predominance of the Engine "C" BPF and harmonics.

At the takeoff power setting, the noise characteristics of the subsonic
and supersonic tip speed vehicle diverged substantially. The perceived noise
directivities for "A" and "C", which are compared in Figure 29, indicated that
the "C" levels were more that 5 PNdB higher than the "A" levels throughout the
front quadrant. This difference was due to multiple pure tones associated with
the supersonic tip speed fan. At the forward angle of maximum perceived noise,
600, the noise levels differed by 7.5 PNdB, while at 1200 they were within one
PNdB.

The takeoff spectral comparison for 600 clearly differentiates the subsonic
and supersonic fans. This comparison, shown in Figure 30, indicates that there
was a difference of more than 10 dB between the two engine spectra from the 315-
Hz bands to the 1600-Hz bands due to MPT's. The largest spectral difference
occurred at 400 Hz, the band containing the strongest multiple pure tone. Within
this band the "C" SPL was 23-1/2 dB higher than the "A" level. Multiple pure
tones were also evident within the "C" spectrum at frequencies above 1600 Hz.
Thus the 7 dB difference observed within the 2000-Hz band was not only the
difference between the two engine fundamentals occurring within this band but
also reflected "C" multiple pure tones as well. The differences at higher
frequencies were also due in part to these MPT contributions. The 600 spectral
differences between the two engines at the takeoff power settings are clearly
shown in the narrowband overlay, Figure 31. These 150-foot (46 m) arc spectra
indicate that the most prominent characteristics of "A" were the BPF and harmonics
of the fan while the "C" spectrum was controlled by multiple pure tones extending
in frequency well past the BPF.

Differences between the engine spectra at 1200 further reflect the Engine "C"
MPT's. At this aft angle (see Figure 32), the "C" spectrum was 5 to 7 dB
higher than the "A" levels from 400 Hz to 1600 Hz due to multiple pure tones.
In addition, the results for the 2000-Hz band indicated that the "C" BPF was
6-1/2 dB higher than the "A" fundamental. This "A" spectrum was dominated by
the second harmonic in the aft quadrant. From the 4000-Hz band through 10 KHz,
the "A" levels were higher than "C". The spectral comparison at this aft
angle is also presented in the narrowband overlay, Figure 33, of the 150-foot
(46 m) arc results of the two engines.

The comparison of maximum perceived noise as a function of corrected engine
thrust, presented in Figure 34, showed that the "C" levels were higher than
those for "A" throughout the thrust range. These maximum levels occured in
the front quadrant for Engine "C" and in the aft quadrant for Engine "A".
While the "A" levels increased smoothly between the approach and takeoff power
settings, the forward maximum levels for "C" increased sharply upon the onset
of MPT's. The largest difference between the engine maximum levels, which was
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9 dB, occurred at 80% speed. The variations of aft maximum perceived noise with

thrust were similar for the two engines although the Engine "C" aft levels, which

are presented in Figure 17, were higher than the corresponding "A" levels.

B. FULL ACOUSTIC ENGINE TREATMENT

Substantial acoustic treatment was added to the basic engine configuration

in order to suppress fan noise. The goal of the acoustic treatment design was

to achieve noise levels which were similar in magnitude to those recorded for

the fully suppressed Engine "A". A contoured inlet which incorporated SDOF

wall treatment replaced the basic fan inlet. This contoured inlet included
a four-ring splitter system. Two casings with thick treatment for MPT suppres-
sion were also added forward of the fan frame. In addition the fan duct was

replaced with a long exhaust duct which incorporated an exhaust splitter and

extended SDOF acoustic wall treatment. This exhaust duct was designed for low

Mach number flow in order to increase the effectiveness of the acoustic treat-
ment. The engine was also wrapped with lead vinyl and polyurethane foam to

prevent casing radiation. Further details of the acoustic treatment of this

fully suppressed configuration are presented in Figure 8.

Aerodynamic performance of the fully suppressed configuration was much

as predicted. At takeoff, the measured total pressure recovery at the fan face

was 0.983 as compared to a design value of 0.985. Operation with the four-ring
inlet splitter system and fan bypass duct splitter resulted in a 4% reduction
in engine thrust relative to the baseline configuration. However, wall Mach
number calculations for this speed indicated an inlet flow redistribution
resulting in higher airflow levels in the outer section of the inlet.

The 200-foot (61 m) sideline noise characteristics of the fully suppressed
configuration are compared to the "C" baseline results and to the Engine "A"
fully suppressed characteristics in this section.

1. Comparison of the Fully Suppressed and Frame-Treated Configurations

The perceived noise directivities of the fully suppressed configuration
were examined at four speed settings in order to determine the effectiveness of
the total engine suppression relative to the baseline noise levels. Comparisons
were made for the 60%, 70%, 80%, and 90% corrected fan speeds and are presented
in Figures 35 through 38. Large reductions of perceived noise were achieved
at each speed. In particular, the greatest reductions of frame-treated
noise levels were attained in the front quadrant. The angles of maximum
perceived noise shifted from 500 to 600 for the baseline to 1100 to 1200
for the fully treated configuration.

At the approach power setting (60% fan speed), significant reductions of
the baseline noise levels were achieved in both the front quadrant, from 7.5 to
12.6 PNdB, and in the rear quadrant, from 4.5 to 7.3 PNdB. As shown in Figure 35,
the maximum perceived noise, which occurred at 60', was suppressed 12.1 PNdB
by the addition of the full acoustic treatment. In that less reduction



was attained at the adjacent angles, the forward "maximum" angle for the
fully suppressed configuration shifted to 700. At the angle of aft
maximum PNL, the frame-treated level was reduced 4.8 PNdB.

The spectral comparison at 600, presented in Figure 39, indicates that
the baseline levels for the fan fundamental and harmonics decreased with the
fully suppressed configuration. The bands containing the BPF and the second
harmonic were reduced 19.7 and 19.0 dB, respectively, relative to the frame-
treated levels. The other 1/3-octave bands from 500 Hz to 8 KHz were reduced
from 5.3 to 14.8 dB. Examination of the 600 narrowband overlay, Figure 40,
shows that the only tones evident for the fully suppressed configuration were
beyond the second fan harmonic.

In the aft quadrant at 1200, the fan BPF and harmonics were eliminated
from the fully suppressed spectrum. Figure 41 shows that the 1250-Hz band
with the BPF was reduced 8.2 dB, and the band containing the second harmonic
was decreased 5.6 dB. The 1/3-octave bands between the BPF and 5000 Hz were
all reduced from 4.5 to 9.2 dB. Nevertheless, little SPL reduction was attained
in the 6.3, 8, and 10 KHz bands.

At this 1200 angle, the approach perceived noise for the fully suppressed
configuration was controlled by the 2.5, 3.15 KHz, 6.3 KHz, and 8.0 KHz 1/3-
octave bands. [Figure 42 is a narrowband (20 Hz filter bandwidth) overlay of
the two configurations which shows this 1200 spectrum] Acoustic traversing
probe and Kulite wall-mounted transducer measurements indicated that both fan
tones and broadband noise within these bands were suppressed by the acoustic
treatment in the bypass exhaust duct. These controlling farfield noise
characteristics were apparently core related, although the core exhaust duct
was also treated in these configurations. The turbine first- and second-stage
BPF's were observed within the 6.3 KHz 1/3-octave band farfield results (also
see Figure 42). The 2.5 - 3.15 KHz 1/3-octave levels were held up by a rolling
characteristic or hump, which according to the narrowband overlay occurred between
2 and 4 KHz. As can be observed in both Figure 41 and 42, the broadband levels
within the 8 KHz band did not drop off, and in addition, an as yet unexplained,
sharp tone occurred at approximately 8000 Hz.

These apparent core levels produced a noise floor which limited the
perceived noise reduction that might have been attained with fan acoustic
treatment. If either the 2.5 - 3.15 KHz bands or the 6.3 - 8.0 KHz bands were
reduced to levels similar to adjacent 1/3-octave bands, the perceived noise
would be reduced 1/2 PNdB. If, however, both of these pairs were reduced, the
noise level would decrease 2 PNdB.

The takeoff perceived noise results are presented in Figure 38 for the
two "C" configurations. Large noise reductions were achieved at all angles
with the fully suppressed configuration. The greatest reductions were
attained in the front quadrant; 14 PNdB suppression or more is shown for each
angle from 100 to 700. The maximum suppression, 17.2 PNdB, occurred at 50*.
The amount of reduction demonstrated for each angle decreased from this 500
angle to 1500 where the frame-treated level was suppressed by 4.6 PNdB. At
1100, the baseline aft maximum PNL was reduced 8.1 PNdB to 110.7 PNdB, the
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maximum takeoff PNL for the fully suppressed configuration. The perceived
noise levels decreased at each succeeding angle on either side of 1100. As
such, there was no "maximum" PNL in the front quadrant. The perceived noise
levels in the front quadrant were controlled by noise radiated from the aft
quadrant. (Data measured with a directional broadside microphone array 7
support this conclusion.)

The takeoff spectral comparisons of the two configurations are presented
in Figures 43 and 44 for the 600 and 1100 angles, respectively. At the front
angle, the baseline noise levels were suppressed from 250 Hz to 10 KHz by the
full engine acoustic treatment. The MPT content as well as the BPF and
harmonic tones were virtually eliminated from the fully suppressed spectrum.
The sound pressure levels of the 1/3-octave bands from 400 Hz to 2000 Hz
(excepting the 800 Hz and 1600 Hz bands) were reduced by 21 to 22-1/2 dB
relative to the baseline. Less suppression was achieved at the aft angle than
in the front, although the full acoustic treatment reduced the baseline levels
throughout the spectrum at 1100. The MPT, BPF, and harmonic tones were
eliminated from the aft spectrum by the additional treatment. The 2000-Hz
band which contained the BPF and the 4000 Hz band with the second harmonic
were reduced 13.4 and 9.4 dB, respectively. At this angle as well as in the
front, broadband noise controlled the fully suppressed 1/3-octave spectra.
Narrowbands of the spectra for the 600 and 1100 angles are presented in Figures
45 and 46, respectively. (An unexplained tone at 5800 Hz was very prominent in
the fully suppressed takeoff spectra, expecially at 600. This tone apparently
occurred whenever the low Mach number exhaust duct was installed.)

A comparison of the maximum sideline PNL's versus engine thrust is
presented in Figure 47. The frame-treated levels which are from the front
quadrant clearly show the onset of multiple pure tones. The fully suppressed
levels which are from the aft quadrant increased steadily with increasing
thrust. Both the approach and takeoff power settings, which have been
discussed in detail, are indicated for this comparison.

In summary, large reductions of the baseline noise levels were achieved
with the full acoustic treatment for Engine "C". The greatest amounts of
suppression were achieved in the front quadrant. The MPT's, fundamentals,
and fan harmonics characteristic of the frame-treated configuration were
virtually eliminated from the fully suppressed results. However, turbine/core
related noise appear to have held the overall engine levels up at the approach
power setting.

2. Comparison of Engines "A" and "C" Fully Suppressed Configurations

The design goal of the fully treated Engine "C" was to achieve noise
levels of magnitude similar to those of the fully suppressed Engine "A".
The basic design of these two engines was discussed in Section V-A3. A
comparison of the total acoustic treatment applied to each is presented in
Figure 48. Both engines had fan frame acoustic treatment and core exhaust
treatment. The acoustic wall treatment for each engine is shown in Table VI.
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Table VI. Engines "A" and "C" Wall Treatment.

Inlet . Bypass Duct
Length Type Depth Length Type Depth

Engine "C"
19.55"(45.1cm) SDOF 0.3"(.75cm) 89.4"(227.lcm) Scottfelt 1.0"(2.5cm)
17.75"(45.1cm) SDOF 1.0"(2.5cm) 26.6"(67.6cm) Scottfelt 1.0"(2.5cm)
36.0"(91.4cm) SDOF 2.8"(7.lcm)
15. 2"(38.0cm) MDOF 1.0"(2.5cm)

Engine "A"
58.0"(147.3cm) SDOF 0.88"(2.2cm) 37.0" (94.0cm) MDOF i. 0"(2.5cm)
20.0" (50.8cm) MDOF 1. 0"(2.5cm) 37.0"(94.0cm) MDOF 1.0"(2.5cm)
15.5"(38.8cm) MDOF 1.0"(2.5cm)

In addition, Engine "C" had four inlet splitters while Engine "A" had three.
Both engines had a single bypass duct splitter. It should be pointed out
that the splitters incorporated in Engine "A" were not specifically designed
for the aerodynamic nor acoustic environment of the "A" inlet and exhaust ducts.
As such, greater thrust losses were introduced and broadband noise was probably
increased.

The cores of the two engines were basically the same with the exception of
the new two-stage, low pressure turbine for "C" which replaced the four-stage
LPT of "A". (Note that the sketch indicates that Engine "C" was shorter than
"A". This was due to the differences between the low pressure turbines.) The
core exhaust nozzle of Engine "C" was 25% larger in area than the "A" nozzle
which resulted in lower core exhaust-velocities - 864 ft/sec (263 m/sec) for
"C" as compared to 1177 ft/sec (359 m/sec) for "A" at the takeoff power
settings. The difference in core exhaust velocities resulted in correspond-
ingly lower core jet noise for "C".

The perceived noise directivities for the approach power setting are
presented in Figure 49 for the two fully suppressed engines. The "C" levels
were generally lower than the suppressed "A" levels with the exception of the
angles of maximum PNL, 1100 to 1200. At 1200, the "C" level was about 2 PNdB
higher than "A".

Spectral comparisons are presented for this power setting at the front
and aft maximum angles of 70* and 1200 in Figures 50 and 51, respectively.
The 700 spectra were very similar for the two suppressed engines from the
1000-Hz to the 4000-Hz 1/3-octave bands. The "C" levels were lower than the
corresponding "A" levels below this range; while the "C" SPL's were higher
from 5 KHz through 10 KHz. At the aft angle the low frequency "C" levels,
up to 800 Hz, were lower than "A" due to reduced core exhaust velocities, and
thus reduced core jet noise for "C". However, aEove 800 Hz the "C" SPL's were
generally higher than "A", resulting in the 2 PNdB difference observed in
Figure 49. The 1/3-octave bands producing this difference (2.5 - 3.15 KHz and
6.3 - 8.0 KHz) were the same bands which seemed to be controlled by "C" core
noise. While the low pressure turbine BPF's could be identified within the
6.3 KHz band for Engine "C", the "A" first stage turbine tone (also occurring
within the 6.3 KHz band) was buried under the "haystack" which can be observed
in the "A" spectrum.2
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The comparison of perceived noise at the takeoff power setting are pre-
sented in Figure 52. The noise levels of the two suppressed engines were

very similar in the front quadrant. In the aft quadrant, the Engine "C" levels

were surpressed below the perceived noise of the fully suppressed Engine "A".

The takeoff spectral comparisons for 700 and 1100 are presented in Figures

53 and 54. Although very large differences existed between the subsonic

and supersonic baseline fan characteristics, the "C" inlet treatment pro-

duced the suppression required to achieve the suppressed "A" levels. The spectra

of the two engines were very similar from 500 Hz through 1600 Hz. The "C"

levels were lower than "A" within the 2000 Hz and 2500 Hz bands and higher than

"A" in the bands from 3.15 KHz through 10 KHz. The spectra at 1100 were

very similar for the two engines with the exception of jet noise at low

frequencies and broadband noise in the 8- and 10-KHz bands.

A comparison of maximum perceived noise as a function of corrected

engine thrust is presented in Figure 55. The "C" levels were higher than "A"

at the lower thrusts but are lower than "A" in the vicinity of the takeoff

power setting.

C. FAN EXHAUST TREATMENT

In order to investigate the contributions of individual noise suppression

features to the total engine suppression, portions of acoustic treatment for

the fully suppressed configuration were removed and the resultant farfield

noise was measured. Similarly, to determine the additional benefit of a

specific modification to the fully suppressed configuration, the change was

incorporated and the resultant farfield noise was likewise measured. These
farfield results were compared to the fully suppressed noise measurements
and the differences were thus a measure of the effectiveness of that specific
noise reduction feature.

i. Effect of Low Mach Number Splitter and Extended Duct Treatment

The fan exhaust duct of the fully suppressed engine was a low noise
reduction feature of particular interest. The conventional bypass duct had
been completely replaced by an exhaust duct and splitter assembly which was
specifically designed for low Mach number flow over the acoustically treated
walls and splitter. The details of the exhaust duct acoustic treatment are
contained in Section III-C.

The contribution of the low Mach number exhaust duct design was investi-
gated by testing an engine configuration with the conventional, untreated
bypass duct while the inlet was totally suppressed. When these results were
compared to the fully suppressed data, the differences indicated the amount
of fan exhaust noise suppression that was attained with this noise reduction
feature. Cross sections of these two configurations, shown in Figure 56,
point out the differences in acoustic treatment. Aft views of these two
bypass ducts are presented in Figure 10.
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The 200-foot (61 m) perceived noise directivities of the totally
suppressed inlet, hard fan exhaust configuration (referred to as the suppressed
inlet) were compared to the noise characteristics of the fully suppressed
configuration in order to evaluate the effectiveness of the new bypass duct
design. Comparisons at 60%, 70%, 80%, and 90% corrected fan speed are presented
in Figures 57 through 60. These results demonstrate that the suppression of
fan exhaust noise by the splitter and extended wall treatment occurred at each
angle along the sideline. In other words, significant amounts of fan exhaust
noise were radiating into the front quadrant. Substantial aft quadrant noise
level reductions were achieved as well as reductions of this forward radiating
exhaust noise. These reductions were evident at all of the speeds examined.

At the approach power setting (60%), the addition of the splitter and
extended treatment resulted in suppressions of 2 to 4 PNdB in the front
quadrant and 5 to 8 PNdB in the aft quadrant. At 70*, a difference of
3-1/2 PNdB was observed between the configurations. The spectral comparison
at this angle, Figure 61, indicates that the suppressed inlet levels were
higher than the fully suppressed SPL's at all frequencies. At this speed, the
amount of noise radiated forward was generally the same across the spectrum.
(This figure demonstrates the prominance of the core 1/rev at 125 Hz in a
suppressed 60% speed spectrum as discussed on page 15. The difference in the
level of this low frequency tone for these two configurations is unexplained,
however, it is not believed to be related to noise radiating from the fan
exhaust.) At 1200, a 5-1/2 PNdB reduction was attained with the splitter and
extended wall treatment. The noise reduction was across the spectrum as
indicated in Figure 62. The fan exhaust noise appears to have been reduced
to the point where perceived noise was apparently controlled by a core noise
floor. Noise suppression of 5 dB or more was achieved from 1250 Hz to 5000 Hz,
with 10 dB attained in the 4000-Hz band and 7-1/2 dB in the 5000-Hz band.

The comparison at the takeoff power setting, 90% speed, indicates that
the installation of the low Mach number splitter and extended wall treatment
yielded 3-1/2 to 5-1/2 PNdB reductions in the front quadrant and 7-1/2 to
9 PNdB reductions at the aft angles of 900 to 1300. Without the bypass
duct treatment, the fan fundamental and harmonic tones as well as broadband
noise were radiated from the fan exhaust, as shown in the spectral comparisons
presented in Figures 63 and 64. Both the BPF tone and higher broadband levels
were radiated to the forward angle (700) for the suppressed inlet configuration.
At the aft angle, 1100 from the inlet, the fundamental and second harmonic were
very prominent. The BPF was about 14 dB higher than the fully suppressed
level, while the second harmonic was 11 dB higher without the exhaust duct
suppression. The high frequency broadband noise was also significantly higher
for the suppressed inlet configuration.

Comparison of the maximum perceived noise levels, presented in Figure 65
demonstrates that a reduction of 4 to 9 PNdB was achieved by the addition of
the low Mach number splitter and treated bypass duct assembly. The suppres-
sion shown is the reduction of fan exhaust noise attained in the aft quadrant
with the full engine treatment.
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2. Effect of Coplanar, Coannular Nozzles

The fully suppressed configuration was also modified to determine the
acoustic effects of coplanar jet exhausts. The bypass duct was extended
53 inches (134.6 cm) without any additional acoustic treatment as shown in
Figure 66. The fan discharge nozzle area was designed to be approximately
the same as that of the fully suppressed engine. In all other aspects the
fully suppressed configuration was unchanged. Descriptions of the acoustic
treatment are contained in Section III-C and additional photographs of the
"Coplanar" configuration are presented in Figure 11.

Comparison of the 200-foot (61 m) sideline directivities for the coplanar
and noncoplanar, fully suppressed engine configurations indicated very small
differences at approach. As shown in Figure 67, the perceived noise measured
for the coplanar configuration was about a half to one PNdB higher at 700 and
1200. Examination of the 700 spectra (Figure 68) shows that the major
difference was at 2000 Hz, although the broadband noise with the coplanar
nozzle was slightly higher. The 5 dB difference observed at 2000 Hz was
due to an unexplained, sharp tone which was measured for several Engine "C"
configurations. (Kulite wall transducers indicated that the source of this
tone was in the vicinity of the inlet throat. It could be speculated that a
probe hole was not blanked off properly during farfield testing.) The spectral
comparison at 1200 was generally the same as shown in Figure 69. The same
spectra were compared at 150 feet (45.7 m) in an overlay of 20 Hz bandwidth
filter narrowbands of the two configurations, Figure 70. Several tones were
very prominent within these spectra, primarily the BPF's of the low pressure
turbine, first and second stages which are designated. (The difference in
frequency was due to different physical speeds required to produce the same
corrected speeds.) Note that the unexplained tone at 8 KHz did not occur in the
coplanar results. In addition, the differences in the 2 and 10 KHz bands can
be seen to have been related to broadband noise.

A very interesting observation can be made concerning the turbine tones
of these two configurations. The second-stage tone was much sharper and 7 dB
higher for the configuration with the coplanar nozzle. Likewise the first-
stage tone was at least 5 dB higher than the fully suppressed tone which
occurred at 6150 Hz. However, the turbine treatment in the core exhaust duct
was exactly the same for these two configurations. The shape of the second-
stage tone for the noncoplanr configuration suggests that it may have been
modulated, dispersing the noise energy associated with this tone over a band
of frequencies. It may further be speculated that such modulation took place
within the mixing region of the two jets and that the characteristics of this
turbine noise radiation were altered when the..mixing characteristics were
changed by the extended fan duct.

The 200-foot (61 m) sideline directivities were also very similar at the
takeoff power setting. As indicated in Figure 71, the perceived noise of
the coplanar nozzle configuration was slightly higher at several of the
mid and aft angles. The small difference at 700 appeared to result from the
higher broadband levels of the coplanar configuration between 630 Hz and
3150 Hz, shown in Figure 72. Virtually no perceived noise differences
could be observed at 1100 for this speed, although some differences of the
broadband noise did exist (Figure 73).
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As indicated by the directivity comparisons, only slight differences of
the maximum perceived noise existed at approach and takeoff thrusts for the
coplanar and noncoplanar configurations. This trend continued at all inter--
mediate thrust levels as well, as shown in Figure 74.

D. CORE EXHAUST TREATMENT

The farfield results for the fully suppressed configuration indicated
that an apparent core noise floor held up the approach aft quadrant noise
levels, despite the inclusion of core exhaust treatment in the engine.
To determine the effectiveness of this acoustic treatment in the core exhaust
duct, these panels were replaced by hardwall pieces for one set of tests.
Both of the configurations incorporated a contoured inlet with a four-ring
splitter system, thick inlet wall treatment for MPT suppression, fan frame
treatment, and a low Mach number splitter and extended wall treatment in the
bypass duct. In this fashion, fan noise was totally suppressed so that core
noise suppression could be observed.

The core exhaust treatment, which was incorporated in all but one
of the Engine "C" configurations, is shown in Figure 75. This noise
reduction design consisted of SDOF treatment which was applied to both
walls of the duct passage over a nominal length of 36 inches (91.4 cm).
The 200-foot (61 m) sideline farfield results with and without this
portion of the engine treatment are compared in Figures 76 through 85.
Detailed investigations, utilizing acoustic probes, a broadside directional
array, and a nearfield microphone array are presented in the report, "Turbine
Noise Suppression".7

The perceived noise results for the suppressed fan, hard core and fully
suppressed configurations are presented in Figures 76 through 79 for the four
fan speeds. These comparisons indicated that the engine noise levels at each
of these speeds were reduced from 2 to 4-1/2 PNdB at angles of 800 through
1300 by the installation of the'SDOF wall treatment in the core exhaust duct.
The maximum reduction of perceived noise occurred at 90* for each speed.

At the angle of the forward maximum PNL (700), the approach perceived
noise of the fully suppressed engine was 2-1/2 PNdB lower that that of the
"hard core", configuration. Addition of core treatment reduced the engine
noise from 2.5 KHz to 10 KHz at this angle, as shown in Figure 80. The
difference at 2 KHz, due to the unexplained tone discussed in the previous
section, contributed to the perceived noise difference between the two
configurations. The amount of noise reduction at this angle suggests core
noise radiated from the aft to the front quadrant.

The spectral comparison at 1200, the angle of maximum PNL, is presented in
Figure 81. The addition of core exhaust treatment to the totally suppressed
fan configuration produced significant reduction of the engine noise levels
(4-1/2 PNdB). The suppressed fan, levels were reduced from 2 KHz to 10 KHz
by the treatment. The comparison of 150-foot (45.7 m), 20-Hz bandwidth filter
narrowband results is presented in Figure 82. It can be observed that the
noise characteristics of the fully suppressed configuration which have been
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described as core related were all higher without the core exhaust treatment.
The turbine tones were suppressed approximately 6 to 7 dB by the core
treatment. The rolling characteristic or hump between 2 and 3 KHz was reduced
about 2 to 3 dB as was the broadband noise in the 10 KHz band. In addition,
the noise levels within the 4 and 5 KHz bands were substantially reduced. The
unexplained high frequency tone was the same level for the two configurations,
however, the frequency of the tone changed. It was thus apparent that the
maximum level at approach was controlled by noise radiated through the core
exhaust duct and not by fan noise.

Generally a half to one PNdB less reduction was attained at the takeoff
power setting than at approach. The spectra for the front and aft angles
of maximum perceived noise are presented in Figures 83 and 84. At 700, the
suppressed fan spectrum was reduced from 2 to 4-1/2 dB for 1/3-octave bands
above 1600 Hzby the addition of the core duct treatment. At 1100, the hard
core duct noise levels were reduced from 3 dB to 7 dB, the amount of suppres-
sion increasing from 3.15 to 10 KHz. Both configurations produced the same
noise levels at the lower frequencies for 700 and 1100.

The reduction of the maximum aft quadrant noise levels due to the addition
of the core exhaust treatment is shown in Figure 85. Reductions of from
2 to 4 PNdB were indicated, decreasing with increasing power setting. This
trend reflects the relative contribution of core noise to the overall engine
noise levels.

E. EFFECT OF INLET SPLITTERS

Part of the systematic approach to determine the individual contributions
of the engine acoustic treatment, was to investigate the characteristics
of the noise suppression achieved with the inlet splitters. The four-ring
inlet splitter system (pictured in Figure 12) was designed so that the
splitters could be individually removed, starting with the innermost splitter.
In this fashion it was possible to examine the noise characteristics for
three, two, and one splitters as well as for no splitter.

Details of the splitter system are presented in Figure 86. The splitter
and inlet wall treatment consisted of two SDOF designs which utilized different
treatment thicknesses for maximum suppression at different frequencies. These
two designs were mixed such that opposing passage surfaces had similar treat-
ment. Note that the inlet with four splitters differed from the fully
suppressed configuration, in that a hardwall spool replaced the deep treatment
for MPT suppression. In this manner it was possible to determine the amount
of MPT suppression attained with the splitters.

In an attempt to present the 200-foot (61 m) sideline results clearly,
the directivity and spectral comparisons for the inlet variations are pre-
sented as delta suppression as well as absolute noise levels. The suppression
differences were computed relative to the "no splitter" results.
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The perceived noise directivities for the various splitter configurations
are presented in Figures 87 through 90 for 60%, 70%, 80%, and 90% corrected
fan speeds. It can be observed that without splitters the noise levels were
forward dominant. With the addition of one or more inlet splitters, however,
the maximum PNL generally shifted to an aft angle.

The greatest suppression attained by the addition of a single splitter
was from no splitters to one splitter. Significant reductions were attained
from 300 to 900 with the outermost splitter. The addition of the second
and third splitters produced far less additional suppression at the approach
and takeoff power settings, although gains at the 70% and 80% speeds were
noteworthy. The addition of the fourth splitter yielded a definite
improvement at each forward angle for all speeds.

The single splitter produced no noise reduction at the extreme forward
angles (100 and 200). Addition of the second and third splitter produced
successively more suppression at these angles. However, the largest additional
suppression due to the fourth splitter was attained at these angles. These
results suggest that the perceived noise at these forward angles were primarily
controlled by noise propagating through the center of the duct. In contrast,
treatment in the outer portion of the flow path (single splitter) had the
greatest effect on the engine noise levels measured from 400 to 800.

The perceived noise levels were quite similar in the aft quadrant
as would be expected. A trend was evident, however, that the noise measure-
ments for the configurations with one, two, and three splitters were slightly
higher than with no splitters or with four splitters. (Aerodynamic measure-
ments indicated a flow redistribution for the off design configurations.
As a splitter was removed for this noise investigation, no attempt was made
to reposition the remaining splitters to optimize either aerodynamic or
acoustic performance.) Thus, it appears from the observed trend that the
source noise might have been increased by the off design splitter configurations.

The spectral comparisons of the splitter configurations are presented
in Figures 91 and 92 for the approach power setting. At 500, the comparison
shows the progressive spectral suppression with increasing number of splitters
for the 1000-Hz band and above. In particular, large reductions of the
fundamental and second harmonic were achieved with three splitters as well as
with four splitters. The comparison further indicates, that nearly a constant
noise reduction was attained with the single splitter for bands from 1000 Hz
to 5000 Hz. Note that the unexplained 2000 Hz tone from the inlet throat
was prominent in the spectra of the configurations with three and four
splitters. This tone also occurred in each of the other spectra, however,
it was not as prominent in that the levels of the adjacent 1/3-octave bands for
the other configurations were similar to the level of this tone. The spectra
at 1200 were generally slightly higher than the "no splitter" configuration
at this angle. This was especially true at the higher frequencies for the
configurations with two and three splitters.
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At the takeoff power setting, the spectra in both the front and aft
quadrants were dominated by the 400-Hz MPT as shown in Figures 93 and 94.
Large amounts of suppression were achieved at 700 by the addition of splitters.
The amount of suppression generally followed the same hierarchy as observed at
the approach power setting. The frequency range of the suppression broadened
at takeoff and the amount of suppression attained with the outermost splitters
increased at this front quadrant angle. The suppression of the 400-Hz MPT
was best at 1100 with these two outer splitters (separately or together). From
this MPT to 4000 Hz, the addition of splitters generally reduced the noise
levels of the no splitter configuration slightly, while the levels increased
from 5000 Hz to 10,000 Hz (the levels for the two and three splitter config-
urations were usually higher than the others).

The maximum perceived noise levels versus corrected engine thrust for the
front quadrant are presented for these configurations in Figure 95. This
comparison indicates that the greatest suppression achieved by the addition
of a single splitter was from no splitters to one splitter. The maximum front
noise levels decreased as splitters were added at the approach and takeoff
engine thrusts. At intermediate thrusts, the one and two splitter configura-
tions resulted in similar front maximum levels as did the three and four splitter
configurations.

Without splitters the maximum PNL had occurred in the front, however,
addition of splitters reduced the front quadrant noise sufficiently to shift
this maximum to the aft quadrant. At the lower thrusts settings, the maximum
front and maximum aft levels were very similar; thus, the addition of splitters
indicated no change of the system maximum PNL. At the higher power settings
the maximum aft levels (similar for all of these configurations) had been 3 to
6 PNdB lower than the maximum forward levels; thus, suppression of forward
radiated noise resulted in the shifting of the engine maximum perceived noise
levels to the aft quadrant.

F. EFFECT OF INLET TREATMENT/LENGTH

The fully suppressed inlet incorporated 73.3 inches (186.2 cm) more
inlet wall treatment than the baseline inlet. To determine the effectiveness
of this additional wall treatment and length, the engine was tested with
segments of this treatment removed. Four variations of wall treatment were
examined.

The entire wall treatment used for the total engine suppression is
shown in Figure 96. This included, in addition to the MDOF frame treatment:
36 inches (91.5 cm) of deep treatment for MPT suppression which consisted
of a 24-inch (61 cm) section and a 12-inch (30.5 cm) section; and a 37.3-inch
(94.7 cm) contoured section of mixed thickness treatment.
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The following combinations were tested (see Table V): the contoured
section by itself, the contoured section plus a 24-inch (61 cm) hardwall spool
to increase the inlet length, the contoured section plus the 24-inch (61 cm)
treated section, and the contoured section plus both the 24-inch (61 cm) and
the 12-inch (30.5 cm) sections with thick treatment. The directivity and
spectral test results are compared in terms of absolute noise levels for a
200-foot (61 m) sideline and delta suppression relative to the contoured
inlet results.

The comparisons of the perceived noise directivities for these inlet
configurations are presented in Figures 97 through 100 for the 60%, 70%,
80%, and 90% corrected fan speeds. Very little effect of the additional
24 inches (61 cm) of length could be observed for the "long inlet" configura-
tion compared to the results for the "contoured inlet" with the exception of the
80% speed. The inlet with 24 inches (61 cm) of thick treatment for FPT suppres-
sion provided the largest increment of suppression and did so over a wide range
of angles. The effect of the additional 12 inches (30.5 cmj of thick treatment
was most evident in the front angles of 100 to 600, although at 70% speed size-
able reductions were attained to 900 with added treatment. Generally 3 to 6
PNdB suppression of the front quadrant noise levels were attained with the full
wall treatment relative to the contour inlet levels.

At the front and aft angles of maximum PNL the reductions attained
with the 24-inch (61 cm) MPT treatment were most prominent at both approach
and takeoff. The approach spectra at 500, Figure 101, indicated that the
fundamental, although reduced about 3 dB, continued to control perceived
noise. However, the broadband noise and the bands containing the fan
harmonics were reduced from 3 to 4 dB by both configurations with MPT
treatment. At 1200, Figure 102, the confoured inlet spectrum was reduced a
small amount by each of the other configurations.

At the takeoff power setting, a significant reduction of MPT noise
was achieved with the thick wall treatment as shown in Figures 103 and
104. The MPT's at 400 Hz and 500 Hz were reduced approximately 12.5
dB at 500 and 9 dB at 1100. The suppression due to the thick treatment
extended over a wide range of frequencies - from 315 Hz to 10 KHz. At
500, the additional 12 inches (30.5 cm) of treatment produced an extra
2 to 4 dB suppression over most of this range; however, the noise levels
measured at 1100 for the longer inlet were slightly lower than those for
the inlet with 24 inches (61 cm) of MPT treatment.

The variation of front quadrant maximum perceived noise with engine thrust
is presented in Figure 105 for the different inlet configurations. The
contoured inlet and the long inlet configurations produced almost the same
maximum levels. The configuration with 24 inches (61 cm) of MPT treatment
reduced the forward maximum levels by 3 - 4 PNdB at thrusts above the approach
power setting. A further reduction of up to 1-1/2 to 2 PNdB was realized due
to the additional 12 inches (30.5 cm) of treatment for the 36-inch (91.5 cm)
configuration.
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G. FLYOVER NOISE PROJECTIONS

One of the goals of the NASA/GE Quiet Engine Program was to demonstrate
through extrapolation of ground static data, the noise levels that could be
anticipated on landing approach and takeoff by an existing aircraft equipped
with quiet engines. Although Engine "C" was not designed for actual flight
application, an indication of the potential reduction available from the
application of technology evolving from this program to actual flight hardware
can be obtained by examining the projected effective perceived noise levels at
the FAA (FAR 36)8 reference points.

The effective perceived noise levels for Engine "C" were computed from
the static engine test data measured at Peebles using estimated flight paths
for a DC8 aircraft powered by four Quiet Engines "C" in the approach and
takeoff mode. The Douglas Aircraft Company compiled a study9 on the DC8-61
aircraft in which new course information was generated for such an aircraft to
reflect the more powerful engines. The new approach and takeoff flight profiles
are presented by Figure 106 based on an aircraft takeoff gross weight of
325,000 pounds (147,550 kg) and a landing weight of 240,000 pounds (108,960 kg).

In addition, EPNdB values were also projected for level flight of a four-
engine aircraft with a flight speed of 279 feet per second (85.0 m/sec), flight
Mach number 0.25. These EPNL's were compiled for flight directly over the
measuring point at 370 feet (112.8 m) altitude for the approach flight engine
net thrust, 4900 pounds (21,805 newtons) and at 1000 feet (305 m) altitude for the
takeoff net thrust, 15,950 pounds (71,334 newtons). (Refer to the Appendix,
"Flight Noise Prediction," for a description of the EPNL calculation proce-

dure used to project both level and DC8 course flight noise.)

A summary of the projected in-flight EPNL's for the 13 Engine "C" config-
urations investigated during the program is presented in Table VII. The four-
engine, effective perceived noise levels are shown for both the level flyover
and the DC8-61 revised flight paths. It should be noted that both noise
levels for the approach power setting were based on the same aircraft altitude
over the measuring point, 370 feet (112.8 m), and that the largest resulting
difference between the "level" and "course" EPNL's for the same configuration
was 0.4 EPNdB. On the other hand, the DC8-61 takeoff altitude over the measuring
point was 1450 feet (442 m) or 450 feet (137 m) above the level flight altitude.
The DC8 course noise levels were thus consistently lower than the level flight
EPNdB values for takeoff.

The projected flight noise levels of the DC8 aircraft powered by four
Engines "C" were considerably below the flight levels of currently available
engines which power the DC8. The "C" baseline EPNL's were 13.5 and 11.1
less than the JT3D levels of 118 EPNdB at approach and 117 EPNdB at takeoff.
This engine with a supersonic tip speed fan nearly achieved the FAR-36 require-
ments for a four-engine DC8 aircraft with the fan frame treatment alone. These
regulations specify that the EPNL values for a 325,000-pound (147,550 kg)
takeoff gross weight aircraft certified after December 1, 1969 may not exceed:
103.5 EPNdB for takeoff, measured at 3-1/2 nautical miles (6486 m) from the
brake release and 106.3 EPNdB for approach, measured at 1 nautical mile (1853 m)
from the threshold.10
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Table VII. Quiet Engine "C" Configurations, Summary of Projected In-Flight Effective Perceived

Noise.

Projected Effective Perceived Noise Levels for Four Engine Aircraft

Level Flyover *" DC8-61 Course "'

Approach Takeoff Approach Takeoff

Altitude = Altitude = 1 N. Mile 3.5 N. Mile

Configuration 370 ft (112.8m) 1000 ft (305m) from Touchdown from Brake Release

Fan Frame Treated 104.2 109.8 104.5 105.9

Totally Suppressed Inlet 100.1 105.8 100.5 102.3

Hard Fan Exhaust

Contoured Inlet 99.8 103.8 99.9 100.4

Long Inlet 99.2 103.7 99.4 100.3

One Splitter Inlet 97.3 100.8 97.2 97.1

Two Splitter Inlet 96.9 99.2 97.0 95.4

Three Splitter Inlet 96.0 98.5 96.2 95.0

Four Splitter Inlet 94.4 98.2 94.7 95.0

Long Inlet with 24" 97.8 99.9 98.1 95.1

MPT Treatment

Long Inlet with 36" 97.2 99.4 97.4 94.6

MPT Treatment

Fully Suppressed with 97.2 94.9 97.6 90.0

Hard Core Exhaust

Fully Suppressed 93.2 92.9 93.6 87.0

Coplanar Nozzle 94.4 93.5 94.4 87.6

* Derived from static engine test data.

** Aircraft flight speed of 279 ft/sec (85.0 m/sec), flight Mach number 0.25.

*** Based on flight profiles documented in Reference 2.



The predicted effective perceived noise level for the fan frame-treated
configuration was 1.8 EPNdB less than the FAR-36 limit at approach while the
takeoff level exceeded the limit by 2.4 EPNdB. Large reductions of the baseline
EPNL were realized by the addition of acoustic treatment in the fan duct,
especially at the takeoff power setting. Extrapolations of the frame-treated
and fully suppressed farfield results are presented in Figures 107 and 108 for
the approach and takeoff power settings, respectively. These ground level,
static comparisons were made at sideline distances corresponding to the altitudes
of the level flight comparisons - 370 feet (113 m) for approach and 1000 feet
(305 m) for takeoff.

The projected PNLT - time histories for the configurations which were
previously examined statically, are presented in Figures 109 through 115.
Level flight noise levels are shown for both the approach and takeoff power
settings. The EPNL's listed for each configuration are based on both the
level of the maximum tone corrected perceived noise and the length of time
these four engine noise levels exceeded the PNLT - 10 value. The zero point
on the delta time scale indicates the point at which the aircraft was directly
over the measuring point. Thus, the comparisons indicate that the maximum
PNLT occurred before the aircraft passed overhead when the inlet incorporated
one or no splitters and just after the passover with more than one splitter.
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VI. CONCLUSIONS

Based on these Quiet Engine "C" results, it can be concluded:

1. Technology to produce low noise, supersonic tip speed turbofans has
been demonstrated, although additional work to flight qualify these
low noise features is needed. Projected flight noise levels of a
DC8 aircraft powered by four Engines "C" are substantially below the
flight levels of currently available engines which power the DC8.

2. Noise levels similar to those attained with suppressed, subsonic tip
speed fans can be achieved with suppressed, supersonic tip speed fans.

3. MPT related noise can be effeztively suppressed (although not necessarily
completely eliminated) with either a single splitter or thick wall inlet
treatment.

4. For this engine, fan exhaust noise was suppressed to the extent that
turbine/core related noise controlled the aft noise levels in the vicinity
of the approach power settings.

5. The relative position of the fan and core jet exhaust planes can
significantly influence the characteristics of the low pressure tur-
bine BPF tones which are radiated to the farfield.
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.VII. NOMENCLATURE

B&K B&K Instruments, Inc. - Bruel & Kjaer Precision Instruments

BPF Blade Passing Frequency

Comp. Compressor

EPNL Effective Perceived Noise Levels

F /6 Net engine thrust, corrected to standard day conditions
n

FAA Federal Aviation Administration

FAR Federal Aviation Regulation

Freq. 1/3-octave band center frequencies

LPT Low Pressure Turbine

M Aircraft Mach Number

MDOF Multiple degree of freedom

N (N f/--) Fan rotational speed, corrected to standard day conditions

OAPWL Overall sound power level calculated by summation of
power level spectra from 50 Hz to 20 KHz.

OASPL Overall sound pressure level calculated by summation of
sound pressure levels at each 1/3 octave from 50 Hz to
20 KHz.

PT23/PT2 Ratio of fan bypass exit total pressure to fan inlet
total pressure

PNL Perceived noise level; a calculated, annoyance weighted
sound level

PNLT Tone corrected perceived noise level

PWL Sound power level, Re 10- 1 3 watts

QEP Quiet Engine Program

RMS Root mean square

SDOF Single degree of freedom

SFC Specific Fuel Consumption
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SPL Sound pressure level, Re 0.0002 dynes/cm2

Standard Day 590 F (150 C) temperature and 70% relative humidity

W2 V/6 Fan air flow, corrected to standard day conditions

dB Decibel

EPNdB Effective perceived noise decibel

Hz Hertz (cycles per second)

ips Inches per second

PNdB Perceived noise decibel
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Figure 1. Fan "C" Rotor.
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AXIAL SPACING

ELIMINATION OF

INLET GUIDE VANES

Figure 2. Cutaway Drawing of a Quiet Engine.
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Treatment Details

* Bellmouth Inlet 1.0" thick MDOF (1)

* Fan Frame Treatment (1) 10% Porosity

* Core Exhaust Treatment (2) F\\\ 0.25" thick SDOF (2)
7% Porosity

Figure 6. Quiet Engine "C", Cross Section of Frame-Treated Configuration.
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3)0 .0' thick DOF (4)

Treatment Details

* Contoured Inlet Treatment (1) 10. P MDOF (4)

0 Four Ring Splitter System (2) 0.25" thick SDOF (7)

* MPT Treatment (3) 7% Porosity

* Fan Frame Treatment (4) 0.30" thick SDOF (1,2)
7% Porosity

• Fan Exhaust Duct Treatment (5) 1.0" thick SDOF (1,2)

* Low Mach Number Exhaust Splitter (6) 10% Porosity

e Core Exhaust Treatment (7) 9 2.8" thick SDOF (3)
2.5% Porosity

(Wrapped from the forward edge of 1.0" thick Scottfelt (5,6)

the MPT casing to the aft outer cowl.) LII-UI

Figure 8. Quiet Engine "C", Cross Section of Fully Suppressed Configuration.



Figure 9. Quiet Engine "C", Fully Suppressed Configuration.
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Figure 10. Quiet Engine "C", Fan Exhaust Variations.
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Figure 11. Quiet Engine "C", Coplanar Nozzle Configuration.
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Figure 1MICR. Aerial View of GE Peebles Sound Field. A
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Figure 14. Quiet Engine "C" Mounted on Engine Test Stand.
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Figure 15. Acoustic Data Reduction System.
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Figure 21. Frame-Treated Configuration, Variation of PNL Directivities
with Fan Exhaust Nozzle for Four Fan Speeds.
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Configurations, Narrowband Overlay

for Approach at 60 ° .
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Figure 48. Fully Suppressed Quiet Engines.
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TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

0 Hard Fan Exhaust

FULLY SUPPRESSED CONFIGURATION

* Extended Fan Exhaust Duct Treatment

* Low Mach Number Exhaust Splitter

Figure 56. Cross Sections Showing the Installation of Fan Exhaust Duct Wall Treatment and a Low

Mach Number Splitter.
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1000' (305m) Altitude Over Microphone

Takeoff 115

M= 0.25

Engine Thrust=15,950 Lbs
(70,978 Newtons) E

110

105

100

95

90
-10 -5 0 +5 +10 +15

Delta Time, Sec

370' (112.8m) Altitude Over Microphone
115

Approach

M= 0.25

Engine Thrust= 4,900 Lbs
(21,805 Newtons)

110

105
E-

100 .

95

90
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach
,EPNL EPNL

Frame Treated 109.7 104.2

------- Fully Suppressed 92.9 93.2

Figure 109. Comparison of Fully Suppressea ana rrame-Treated
Configurations, Level Flyover of an Aircraft
Powered by Four Engines "C".
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1000' (305m Altitude Over Micro hone
Takeoff 115

M= 0.25

Engine Thrust=15,950 Lbs
(70,978 Newtons)

110

105 --- --- AV

105
- H:R -

100

95

90
-10 -5 0 +5 +10 +15

Delta Time, Sec

370' 112.8m) Altitude Over Micro hone
Approach

M= 0.25

Engine Thrust= 4,900 Lbs
(21,805 Newtons)

110

90
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach

Note: Fan Frame Treatment, Baseline EPNL EPNL

Engine "C" 109.7 104.2
--------Enine "A" 103.0 100.3

Figure 110. Comparison of Engines "A" and "C" Frame-Treated
Configuration, Level Flyover of an Aircraft

Powered by Four Engines "C".
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Takeoff 100 1000' (305m) Altitude Over Microphone

M= 0.25.. . . .

Engine Thrust=15,950 Lbs
(70,978 Newtons)

95

90

85

80

75
-10 -5 0 +5 +10 +15

Delta Time, Sec

105 370 (112.8m) Altitude Over Microphone
Approach 105

M- 0.25

Engine Thrust= 4,900 Lbs
(21,805 Newtons)

100

95

90 ----

85

80
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach

Note: Fully Suppressed EPNL EPNL

Engine "C" 92.9 93.2

------ Engine "A" 94.3 92.4

Figure 111. Comparison of Engines "A" and "C" Fully Suppressed
Configuration, Level Flyover of an Aircraft
Powered by Four Engines "C"
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1000' (305m) Altitude Over Microphone
Takeoff 100

M- 0.25

Engine Thrust=15,950 Lbs
(70,978 Newtons)

95

90

85

80

75
-10 -5 0 +5 +10 +15

Delta Time, Sec

370' (112.8m) Altitude Over Microphone

Approach 105

M= 0.25

Engine Thrust= 4,900 Lbs

(21,805 Newtons)

95I L II

90

85

80
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach

Note: Fully Suppressed EPNL EPNL

Non-Coplanar Nozzle 92.9 93.2

- CoDlanar Nozzle 93.5 94.4

Figure 112. Effect of Coplanar Nozzle, Level Flyover of an
Aircraft Powered by Four Engines "C".
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100 1000' (305m) Altitude Over Microphone

M= 0.25 l il I

Engine Thrust=15,950 Lbs 1= L
(70,978 Newtons)

95

90 1 17 1

85

80

75
-10 -5 0 +5 +10 +15

Delta Time, Sec

370' (112.8m) Altitude Over Microphone

Approach 110

M= 0.25

Engine Thrust= 4,900 Lbs
(21,805 Newtons) + -

105

100

95

85
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach

Note: Suppressed Fan EPNL EPNL

Fully Suppressed 92.9 93.2

------ Suppressed Fan, Hard Core 94.9 97.2

Figure 113. Effect of Core Exhaust Treatment, Level Flyover of
an Aircraft Powered by Four Engines "C".
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Takeoff 0 000' (305) Altitude Over Micro ne

M= 0.25

Engine Thrust=15,950 Lbs
(70,978 Newtons)

105

40 1-- ------
100

95

90I I- --------

90

85
-10 -5 0 +5 +10 +15

Delta Time, Sec

370' (112.8m) Altitude Over Microphone

Approach 110

M= 0.25

Engine Thrust= 4,900 Lbs i---
(21,805 Newtons)

105 - - --

100

E--

95

90 11

85 M M
-10 -5 0 +5 +10 +15

Delta Time, Sec
Takeoff Approach

Note: Suppressed Fan Exhaust EPNL EPNL

No Splitter 103.7 98.9

------- One Splitter 100.6 97.3
- Four Solitters 93.0 94.4

Figure 114. Effect of Inlet Splitters, Level Flyover of an
Aircraft Powered by Four Engines "C".
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110 1000' (305m) Altitude Over Microphone
Takeoff I

M= 0.25

Engine Thrust=15,950 Lbs

105

100

95

90

85
-10 -5 0 +5 +10 +15

Delta Time, Sec

Approach 110 370' (112.8m) Altitude Over Micro phone

M= 0.25

Engine Thrust= 4,900 Lbs
(21,805 Newtons)

105

100

95

90

-10 -5 0 +5 +10 +15
Delta Time, Sec

Takeoff Approach
Note: Suppressed Fan Exhaust EPNL EPNL

Contoured Inlet 103.8 99.8
------ Long Inlet Treatment 103.7 98.9

i36" Inlet MPT Treatment 99.4 97.5
Figure 115. Effect of Inlet Treatment/Length, Level Flyover of

an Aircraft Powered by Four Engines "C".
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APPENDIX

A. FLIGHT NOISE PREDICTION

Flight noise levels were projected for an aircraft powered by four
Quiet Engines "C". These projections were based on flight directly over
microphones at the FAR-367 specified measuring locations for the DC8-61
approach and takeoff flight profiles as well as for level flight at a speci-
fic altitude. The flight noise projections were computed with the General
Electric "Fly Over Noise Program".

This fly over program predicts noise levels of a point noise source moving
through three dimensional space, as would be recorded at a stationary point
on the ground. The program requires the input of the 1/3-octave static
engine spectra at multiples of 100 angles as well as the number of engines
on the aircraft. Further, the aircraft flight path, velocity and angle of
attack must be detailed as a function of time. With these inputs, the program
projects the time varying, aircraft flight spectra that have been adjusted for the
number of aircraft engines, for the Doppler effect, for the range from the plane
to the microphone, and for ground and atmospheric attenuation.

A further adjustment must be made to these flight spectra. The jet noise
portion of these spectra, which is produced by the interaction of the engine jet
exhaust with the surrounding air is based on static test conditions. However,
during flight the free stream air is moving (relative to the engines) at the
velocity of the aircraft. In that the jet noise levels are based on relative
velocity differences, the low frequency portions of static spectra are too high
to be representative of flight. Thus, corrections for relative velocity effects
must be applied in order to simulate flight conditions.

The "Fly Over Noise Program" permits such relative velocity corrections.
The SAE method described in AIR 87611 is used to predict the total static and
flight, maximum angle, jet spectra from cycle data for the fan and the core
jets (See Table IV for approach and takeoff cycle data.) These dynamic and
static spectra are arithmetically subtracted from one another. The maximum
angle spectral difference is then arithmetically subtracted from the static
test results for those angles and over those portions of the test spectra deter-
mined to be jet noise. The jet noise portion of the spectra was determined by
examining comparisons of the test data and the predicted static jet spectra on
an individual basis. When the delta (difference between measured and predicted
jet) was greater than 3 dB, the spectra were no longer considered to be jet
noise controlled.

Perceived noise levels are calculated from these adjusted spectra to yield
a PNL-time relationship. By applying the pure tone corrections to the perceived
noise, PNLT is determined as a function of time. Integrating this PNLT flyover
time history from the time at which the maximum value of PNLT-10 first occurs
until the time at which it last occurs, using 1/2 second time intervals as
specified by FAR-36, produces the effective perceive noise of the flyover (note
that a 90 PNdB floor was utilized for this calculation, as specified by FAR-36).
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B. ONE-THIRD-OCTAVE TEST DATA

Rereent!tive 1/- ereits fro.m NASA/CE Engine "C" tesing aL tLhe
Peebles Test Site are presented in Figures 116 through 167. Data recorded at
four speeds (60%, 70%, 80% and 90%) are included for each configuration investi-
gated. These data have been corrected to standard day conditions of 590 F
(150 C) temperature and 70% relative humidity according to the SAE method
described in ARP 866.12 The sound pressure levels are otherwise as measured
at the 16 microphone locations on the 150-foot (45.7 m) arc. Each table consists
of 24 bands of data at angles from 100 to 1600 in 100 increments. The "standard
data reduction" (See Section IV-C) of these 1/3-octave results provide, in
addition: perceived noise levels and overall sound pressure levels for each
angle; sound power levels for each frequency, and the overall sound power level
for each speed point.

The results for the 13 sets of speed points are presented as follows:

Figure Number Configurations

Figures 116 to 119 Fan Frame Treated

Figures 120 to 123 Fully Suppressed
Figures 124 to 127 Total Suppressed Inlet, Hard Fan Exhaust
Figures 128 to 131 Coplanar Nozzle
Figures 132 to 135 Fully Suppressed Inlet With Hard Core Exhaust
Figures 136 to 139 Long Inlet
Figures 140 to 143 One Splitter Inlet
Figures 144 to 147 Two Splitter Inlet
Figures 148 to 151 Three Splitter Inlet
Figures 152 to 155 Four Splitter Inlet
Figures 156 to 159 Contoured Inlet
Figures 160 to 163 Long Inlet With 24" MPT Treatment
Figures 164 to 167 Long Inlet With 36" MPT Treatment
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nfc

FAN FRAME TREATED CONFIGURATION

F R Ef p ..- W L

501 0' 77.1 76.5 77.9 81.7 P0.8 81.6 80,6 80.1 83,6 85.6 85.6 85.6 86,4 85.5 88,0 87,6 0, 0. 137,
63. .1 74.5 72.F 72,~ 73.1 73,3 74.2 74,7 75,0 76.2 76.7 76.3 77,0 77,5 77.8 79;2 8n,3 0, 0. 129*4
on. 0. 71.5 71.6 73.4 71.3 73.1 73.C 73,Z3 74,1 75,5 75.6 76,4 76,1 77,6 78,1 79,8 79,1 0, 0, 12809

100, r0 71..1 71.6 77,7 7P.3 f1.3 Po, b0, 11.,5 83,2. 84.2 85,2 86,2 85,8 85,4 84,4 8i,7 . , 0o 136!6
125. 0. 7F.5 7P. 79.1 82'.5 P7*5 85P7 84,3 85.5 84.4 85.5 87,5 85.7 87,3 85,8 85;1 82.5 0D 0o 13818
160, 0. 76.P 7f.7 ,(. 81.1 82,0 P2. 4 82,1 825. 83t4 85.0 84,6 84.5 84.8 84.9 12, ,2 o0 0, 136,7
200, 0. 7P.6 8C. b; 7"'.7 F0.1 79,. 79,0 82.1 51.3 C8.6 81,5 81.3 80,6 81,1 78,2 0,5 O0 0. 134i2
250, o0 7F.1 79.6 77.E 7f6.9 78.1 77,2 79,, 791.8 7_8,7 79,0 81,5 80.1 79, 8*_80 _0_ 77__7B6.. 0,. O, 132,8
315, 0. 78 3 81.5 79.9 77.'. 76.8 78.0 77,7 78.8 78,9 79.8 80.5 82.1 81,3 80,0 79,2 78,8 0, 0: 13315
400, 0. 79.2 80.7 10.1 7P.7 77.5 76, 9 76,9 76.6 771 77.9 79,2 80.2 80.5 .80.9 78,6 16#8 0 i 0 132;4
500. c. 79,9 8.0 13. 7r. 78.9 77.3 76,7 77.0 76.7 78.1 79,1 80.4 80,9 82.0 78,2 76,5 O, 0 132,9
630, 0, n20 81.3 98 1 7. 9 79.5 .768,7 ...38,rP- 77._,,.9__7, 7 9.8 81.0 82.8 _ 84,8 8 3,7 794 _77..... , ....O, 1354,
800, 0. 4.0 8.P-. 0 3.6 81.0 80.8 P.0 79,6 78.2 79.5 80.4 82,8 84.5 85,6 83,0 78-7 77,4 0 0., 13519

1000, 0, 4.2 8;.1 84.6 1.8 80 .5 0,0. .78,5__77,9 786 80,1..82,0 84.2 84,3 82, Z_71.26 _ ,58 Os 0 .13517
1250, 0. Q3.4 96.0 97. 9' 9 2-1 92.5 89,7 85,8 83i7 84.3 b4., 88.1 87,1 87,8 82,9 83,5 0, 0. 144,6
1600, 0. 6.7 p8.0 P 8.2 83.5 _3,4 80,7.__. 8O .,1 _ .,5 1__p1,7 84.7 8 3. 3,7 78 6 7  0, 7700, 13716
2000, 0. n7.6 86.9 87.2 P8f.1 82.9 P1.2 78,3 79.4 78i5 80.1 83,4 84,4 84,7 84.9 797 77,9 01 0. 1 37gt
250., 0, 91,3 9 7, 93,2 8.9 .904 9 ., 87, 831 831 _.83,0 85,1 86.7 87,7 85._81_12 9 O, 142,7
3150, 0. '6.6 80.3 .34 67.5 84.9 3,8 80,5 78.2 80.3 79.3 81,8 85.E 86.1 84,0 78,7 78,6 0. 0. 138,9
40,uo, U. ' , 09. 4 .1 89. F89.8 7,0 33.2_ 1.__ 3_ _8_2,1 b4.8 86.1 84,1 86.4_ 82,4 8 p - 0 0., 141,6
5000, P., IP.7 90.8 89n 8f.9 85.7 66.2 82,9 78.6 78;9 78.7 80.2 85.0 86.0 81,9 78.1 76,1 0O 0, 140,1
6300, 0. lP.4 80.3 9,6 8 :.0 86.2 84,4 _. 81. 778 08.a .5 _83, ._ 85.5 _83,5A8._ 7 Z 5_ . 0, 40;4
8000, 0. 48.7 PF .19 A7.7 P,7 2 84.6 ,?.6 80,A 77,2 76.7 76.0 79,4 83,6 82,9 81,6 76,7 73,8 0. 0, 140,0

1000u. O, 165 87.3 03., 86. 4 P2.5 _1, , 74_._6 7_6 j. .1 .7_9,2 81. _80 _ _ 744 73__ 0 O, 13915

OVEPALL 13). 1h1CO0 103.3 102.2 99.4 98?7 98 , 95,7 _94 ,.2._ _94_,3_ 95 .2 96,6 98.1-. 9.8,1 972 __94L-. 9 13,8 13,8 152o2
PNL 0. bI.4 1J.3 li.9 .11..C 112.1, 1.I.9 106,9 106.5 106,4 I6.9 109,1 110.6 110.9 110.3 106,5 105.1 0. 0o
PNLT 0. 116 11.7.5 31F. j15.9 115.5115.5 112.2 108.9 108.2 108.4 110,3 112.0 112.0 111.8 08s,o n17,3 0. 0,

Figure 116.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nfg
c

FAN FRAME TREATED CONFIGURATION

U. iu.0 20.0 30.U 40.0 50.0 60.0 70,0 8u.0 90,0 100O0 110.0 120.0 130,0 140,0 150,0 160,0 170,0 180.0
FREQ pWg
50, 0. 74.5 75.0 75.9 75 8 76.0 76.8 79,0 79.0 81.2 81;7 81,7 75.5 83,0 $4,7 88,0 89,0 0, 0, 1~4,9
63. 0. 78.5 76.0 77,9 76,0 77,0 77.0 79,7 79.2 80,1 810 63 i 77,8 82,2 84,0 4. 686 87,2 Ot 0, 1415
80, 0. 76.1 76,6 75.5 74.6 75.3 74.6 77,3 77.6 780 79.3 80,6 76.3 81,6 83,5 86,2 84,7 0. 0, 133,1

100, U. 76.3 75.8 77,1 77.9 81,6 80,6 82,5 84.1 85,0 85.8 86,6 63,6 87,8 88!6 8918 87,0 o, Oo 138,4
125, 0. 115.8 86.9 85.1 880 90.1. 9c.3 88,2 94.5 92,5 94.0 92,1 91.0 94,2 94.2 93;9 90,2 0. 0. 145,5
160. 0, ;0.4 83.S 0160 84 7 86.9 86,7 87,6 89.2 89,5 90.7 90,7 88.7 91,0 69,9 88,6 87,2 0 0, 142,3
200. r! 3.5 85.7 06.1 84.8 84.7 82.9 83,7 87.2 8 ,6 87.0 05,7 87.6 89.3 90,8 86,7 85,2 0. 0, 140,5
250. 0. 1.7 83.6 92.2 79.8 F0.7 79.8 83,0 83.2 84.4 85.0 84,7 83.5 85,9 85,0 83,9 85.2 0, 0o 137,3
315, 0. 79.7 82.9 81.9 79.8 P2.0 8j.0 82,8 83.2 84,1 84.7 85,9 85.4 85,2 83,7 83,9 82,9 0. 0. 137,4
400, 0, ;3.4 83.8 32.8 81.7 01.9 83,9 81,8 86,. 84,0 82.9 84,9 83 3 86,1 84,8 84,5 82,8 O. 0, 137,7
500. 0, 10.3 83.4 85.0 80.8 80.7 79.8 81,4 82.0 6520 82.5 83,5 84.5 84.0 85,8 83,7 82,0 0, 0. 136,7
630, . 0)5.0 85.2 35.1 82.0 80.1 79.0 80,2 81.4 82.7 85.2 85,2 85.7 86.5 85,1 82,8 81,2 0. 0. 137,6
800. 0. 85,6 86.9 b4.1 81.8 82.0 80.8 80,7 81.2 82.2 83.0 85,7 86.5 87.0 84,0 82,7 80,2 o 0 13718

100o 0. '6.9 86.2 86.4 84.0 84.9 83.2 83,0 82.2 83.5 85.0 85,9 87.9 87,2 85,2 85,1 80,2 0, 0o 139,2
1250. 0. 17.7 89.1 89,1 86.1 R7.9 85.1 83,0 84.1 03.5 84.7 86,0 86.5 87.2 84.0 83,6 81,0 0, 0. 140,0
1600. 0. 10.8 105.1 98.3 101.2 105.1 102.3 95,3 9.6 95,6 95.5 2.1 92,3 ?2.1 90, 87.6 O. 0. 153,3
2000, 0, 88.1 90.6 J8,5 86'2 P7.2 85.5 82,2 83.7 82.7 84.3 86,2 87.2 85.7 83,3 82,2 79,6 0, 0, 140,1
2500, 0, 19.0 88.4 19,7 87.1 66.1 83.1 82,1 80.6 83.6 85.1 87,4 86.0 89,4 85,3 84.0 80,5 0. 0, 140,7
3150, 0. 95.5 94.0 98.0 94.8 95.0 92.8 92.0 88.2 88,1 87.9 90,8 92.5 94,0 90.0 87,7 88,2 0. 0. 147 3
4000, o0. 8.8 91.0 o04 87.2 86.8 64.9 82.8 82.1 53.4 86.0 87,9 87.6 88,4 87.1 84,0 80,3 0o O0 141,8
5000. 0. ')2.3 92.3 93.7 88.4 90.5 87,5 84,7 81.7 63 1 86.4 87,6 89.3 89.8 86.4 84,6 82,9 0. 0. 143,6
630. 0. 18.3 90.5 90.5 87.3 88.4 83.4 83,4 81.7 84.9 86.4 87,4 86.2 86.6 82.4 81,1 78,7 nO 0, 142,1
800. 0. 14.7 87.2 P 7.1 85.0 4.2 82:2 80,2 79.5 81. 4 84.2 66,2 89.0 87,4 86,0 83,1 80,2 0, 0. 141,8
10000. 0. 15.0 85.9 86,2 84.3 P4.2 80.2 79,0 77.2 79.6 81.0 82.3 82.7 85,2 82,0 80,9 77,2 0. 0. 1401,5

OVFRALL 13.8 1)3.8 106.6 103.8 103,5 106.3 103.8 99.7 101.8 100.6 101.2 101.1 101.7 102,5 101,3 100,4 98,7 13,8 13,8 157,0
PNL U1. 116.9 119.5 9 18.4 116.4 118.8 116.4 i13,1 113.9 112.9 1134 114,3 115.2 116.2 113,6 111.9 110o,8 . 0o
P\T 0. 121.2 124.6 12J.5 121.5 124.7 122. 117, 117,3 11.8 117 1 116.9 116,3 117.9 118,4 116,4 114,3 113,5 0. O,

Figure 117.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

FAN FRAME TREATED CONFIGURATION

. 1. 20.0 30.0 40.0 50.0 60. 70.0 8U.0 9.0 n10oO 11U.U 120.0 130.0 140,0 150.0 160.0 170,0 180.0

50, 0. 78,3 78.0 78.0 73.8 79.0 78,7 80,2 81,3 82,3 83,0 84,2 86,0 87,7 89,4 92,6 94,5 0 O0, 1s9,0
63 . Q. 1.5 79.2 78.6_ 79.8 81.8 8_1 82,0 15 52 ,L._ 13_ 85,0 _86.4 87_.5 89,4_ 914 92,3 0. 0O 138,7
80, 0. 79.3 78.1 78.5 78.4 80.4 79.6 80.0 80.1 bi3 8?.9 84,6 86.0 87,5 89.5 91,0 90.6 n, 0. 138,2

100, 0. 78.4 78.4 30,3 82,7 83,9 984, 85t1 l .6.1 6s .6 _,1 5 ! 9010 90,9 92,4 9 3_, 9415 91,7 0, 0, 142,6
125, 0. "0.9 85.9 89.1 89.2 90,7 91.1 91,6 91.3 92.5 95.7 96,2 97.2 96,4 96.7 96,0 93.1 0F 0. 147.5
160, O, '34.1 87,6 90,0_ 90,3 ._9. 1. ___91_ .L±A__ 22 94_i 9 5,0 95.7 95,0 .i 4,7-9? ._ ?12 0 0. 146,5
200, 0. 16.2 88.7 37.0 88;2 87.7 85.9 86,4 17,9 88.7 89.3 89,8 90.6 90.8 91,2 90,3 90,1 ,s 0 142,6
250, 0. 45.4 87.9 39,1 847. 88,.2 86,2 86,2..65Z.. 7 66. 89,5 90,1 89,5 90 90-8 0,7 819 89,2 a0 Or 142 1
315, 0. 14.0 85.7 36.5 85.0 86.2 85.6 86.5 86.9 87,1 88;5 90,i 90,5 90,1 90.2 883 88,5 0. 0. 141,8
400 .. 0.. 3.6 85.4 7.8_ 87;6 _.85._L6 88 __B .5,, ._ia.8 l8,7 __ 89.,_ ?00 ... .881 _01 01 141,8
500. 0. '2.5 93.9 97.3 98.5 89.5 91.7 92,7 86.2 93.0 92.5 89,4 90,9 90,3 93.1 93,6 87,7 0. 0o 146,7
630, 0. 13.9 100.4 9410 96,4 97.t 9,2 6 _ 6_ 91i5_._90_ 9?2?,7 90.7 92,2? 96.2_ 9C 5 89,4 0 0o 48,1
800, 0. )5.4 101.7 100.7 103.'3 103.8 103.2 102,2 99.8 94,5 953 95,5 95.5 96.0 94.3 94,3 95,7 0, 0. 153,8

1___000, 0. 1'0,2 100,7 99,6 99 6_i 13 ,- _.99 .17 i12__ 496 B 94,2 93.7 99,4 ?9. 94,2 91,6 0 0, 153,
1250, 0. )8.5 100.5 131.2 97.5 98.6 101.1 102.0 100.1 96i3 94;7 92.2 92.6 97.4 97.3 92,1 90,0 0. o0 152,5
1600. 0. 130.7 101,4 107.~3 102.3 1045 .10,46 1021,2-9840 98.8 96.0 95.7 96.4 95,3 95,3 _93,0 93,2 0 0, 155,2
2000, 0. 1)3.6 103.3 109.7 104.3 106.1 105.7 103,0 98.1 101.3 97;6 97,8 98.0 96,1 96.8 95,0 95,5 0. 0. 157 1
2500., 0 09.6 101.6 102*8 97.8 10021011.3 99_,_ 95_.7 9 3 9 1_ 9 3, 9 93.6 93,6__ 91,__, 89,4 88,8 0. 0, 151,9
3150. 0; 17.4 99.2 100.9 101.3 98,8 98.0 97,2 91.5 92.8 90.4 92,5 94.5 94.1 90.8 87,6 88,5 0. 0, 151,1
4000, o, 110.5 98.5 1)1.7 102.9 .nl.5 98.0 96.4 93.0 90.5 90.8 93,5 93.3 91,3 93.3 90,1 89,5 Of 0. 152,2
5000. 0. 17.1 98.9 98.5 93.4 95.9 97,9 96,9 90,3 88;B 87~8 89,5 9 4,0 93,4 89, 0 86,1 84,8 0F 0 150,0
6300. 0, 94'6 94.8 97,2 95.9 96-,0_ 3 3,3 93,1 88,4 87 87.9 90,0 90.7 88.1 87,7 84, 84,6 0, 0. 148,1
8000. 0. )3.6 95.2 94.1 95,1 93.1 93.2 92,7 87,4 85.3 851 87-,6 91.2 88,5 87.3 83,0 82,4 0. 0. 147,8

10000, 0 ')0.1 91.6 9 .0 92.4 90 I_ 9 ,5 89,5 84.1 _ 3,. 83.1 85,1 88.3 87,1 86.9 81,6 81,3 0. 0. 146,3

OVERALL 13.8 110.0 111.3 114.1 111.8 112.2 112.2 110,6 108.1 107.2 106.0 106,3 106.9 107,3 107,4 105,5 104,8 13,8 13.8 164,0
PNL 0. 1?3.0 123.9 127.4 125.1 125,0 124.8 123,1 11 92 120i2 118.3 118,9 119.5 119,2 1i8,9 1168 i16-.5 0. 0,
PN T 0. 124.3 123.9 129.5 127.3 127.2 126.5 124,9 120.8 121,B 119'.4 120,4 120.6 120,4 120.1 118.0 118,2 0. 0.

Figure 118.



CA

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf
c

FAN FRAME TREATED CONFIGURATION

0, 1!,. 2u.u 30.u 40.0 50.0 60. 70,0 60.0 90,0 100.0 110.0 120,0 130,0 140,0 150.0 160,0 170,0 180.0
FRE8 93,0... . . . &W
50. 0, 12.0 82.1 81.1 82.3 82.5 83.0 84,5 85.3 86,5 88.0 89,1 91.3 93,0-6,0 1002 102- 0. 0, 1545,
63, 0. 14 0 82.3 82,7 81.8 82,5 83,1. 895 _85.2 86 3_ 57 88,8 90.1 92,0 _94 97 97_L_984___ ....- . 0. 143,
80, 0. ;4*1 81,9 1320 82.2 82.9 83.8 84,6 84.7 85.9 87.4 69,4 92.1 93,9 95,8 97,7 96,0 0, 01 143,9

100, 0. 33.4 82.2 84.5 84.9 86.9 86,b 87,9 89.2 90,5 92,1 93,7 95.4 97.2 99 2 lPo.8 96,8 p. ,. 147;3
125, 0. :3.7 85.2 39,1 90.2 91.4 91,4 92,7 93,8 94.4 96.7 97,8 98.5 100,0 102.0 102.2 98,2 0 0. 15013
160, o, 87,4 92.1 96,2 94.8 95.3 94.8 94,6 94.9 97,6 99.0 99.0 99.7 99,7 100:6 0Q 5 973 _ 0 0. 151~2
200. 0. '8.5 91.2 90.3 90.7 90.7 90.9 91,2 92.5 92.4 94.0 94.4 95.2 95,7 98.0 96,4 95,6 0. 0, 147,3
250, 0. j9.2 92.2 93.3 92,5 93.8 95.4 92,7 94.3 93.4 94.5 94,8 95,Q 96,4 7.0 95,5 _93,5 p, 0, 148,1
315, 0. 94.5 99.1 95.6 93.4 99.3 99.4 98,3 93.0 100.5 99.9 95,9 95.7 96,7 97.8 95,2 96.4 0. 0- 151,4

400, 0, 11.8 93.6 101.6 105.2 110 2 110,6 109,9 105,2 103i4 96'6 102,8 99.3 101,9 101,9 ?1-101,4 O, 0, 15994
500, 0. o6.7 104.6 1 5.E 102.6 104.8 108.0 105,4 103.1 101.5 98.4 99.1 99.4 98,6 99.1 100.1 99.9 0. 0. 156,9
630, 0. 94.9 101.8 105.1 104.2 106.5 105., 101,9.102t5 98,4 96.4 98.3 99.2 102,0 9??e 980 98A4_ 0, 0 156i1
800, 0. 9.3 100.1 100.4 103;3 102.5 101.0 98,8 97.5 94,9 94.7 93,9 97.2 98,1 95,6 95,0 95,4 0. 0. 152.7

1000. 0. 117.2 104.4 106.3 105.0 105.2 103.7 103,0 100.3 95v9 99.7 95,5 97.4 96,4 98,7 9512 940 0, 0. 15508
1250. 0. 1j0.8 103.6 1,04. 103.6 102.3 102.5 99,9 95.5 94.5 95.7 93.2 95.0 93,7 95.2 93 93,4 0. 0, 153,5
1600, 0. 1'10.3 101.5 1.02.1 1.01.5 100.3 100. 9  97,8 94.8 93,7 93.6 93,4 94.2 92.9 93,4 92 2 91,3 0o 0 151,9
2000 0. 1j4.9 106.2 106.2 10R8.6 108.3 105.3 100,1 98.0 97.3 98.9 101,8 101.6 99,6 98.6 96,7 95,4 0 0' 157,8

2500, 0. 101.4 1(2.2 113.9 100.9 101.6 100. 3  97,6 95.3 94;o 94.1 95,6 95.3 95,0 93,2 92,1 90,5 0. 0, 152,8
3150, 0. 97.7 99.7 1J0 .4 101.1 98.3 96.5 94,9 91.3 92.7 91.5 92.9 95.0 93,0 91.7 88,7 89,4 0. 0, 15016

4000, 0. 1)0.1 99.1 1)1.7 99.-6 096 98,0 94,6 94. 0  92,2 94,2 97,1 97.2 93,7 94.9 92,8 9o,9 01 0 152,0
5000, 0. 97.8 99.3 98.7 98.1 95.6 97,7 95,1 90.6 89,9 90.2 90,6 95.2 94,4 90,8 88,4 86,6 D0 0 150,1
6300, o. 05.6 95.3 97.7 96.6 96.7 93.5 91,8 89.3 90,6 91.1 94.3 93.6 90,9 90,1 87,9 88.3 0. 0. 149,4
8000. 0. "4 95. 94.5 94.8 93.2 92.5 91,3 88.8 88,1 88.6 90.1 93,5 89,8 89.0 86,3 85,5 0, 0, 148o4

10000, 0. ' .6 91.6 92.0 92.9 90.9 90.5 87,9 86.5 .6.6 87.2 69,2 92.1 89,2 87.7 84,5 83t4 0. 0 147,6

OVERALL 13.8 112.4 113.6 114,8 114.8 115.9 115.7 113,7 111.0 109.8 109.2 110.2 110.5 110,8 111.2 110,7 110,1 13.6 13,8 166,8
FNL 0. 1?4.8 126.2 126.r 127.6 127.6 126.2 123,6 120,8 120,2 120.7 122,4 122.9 121,9 121.5 120,0 119,1 0 0.

F'NT 0, 177.5 128,F 128.3 130.1 130.1 127,7 125,0 122.1 121,3_122.4 124,9 125.2 123,8 123,3 121,5 120,6 0, 0,

Figure 119.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nf
c

FULLY SUPPRESSED CONFIGURATION

u, 1.0 20.0 30.0 40.o 50.0 60o) 70. 0 Eo.0 90,0 - o i i.U 120.0 130,0 140,0 150.0 160.0 170,0 180.0

50. 0. 74.6 73.8 73.5 76.4 75,5 76 76,7 75.5 760 7779 79,1 78.9 81.9 82,8 824 83,6 0, 0, iB2,0
63, 01 72.8 72.2 73.0 72;7 72.0 72,6 74,7 73,8 74,2 74.2 74,3 74.0 76.0 76.6 77,7 78,7 O. 0. 1?279

80, 0. 71'7 72.2 70.9 71.6 71.9 73.1 73,8 72.7 73.1 72.9 74,1 73.2 75.2 76,6 78,6 77,6 O0 0, 127,4
100, 0. 71.8 70,9 71.9 73.7 74,7 76.1 76,6 76,8 77'3 78.1 79,1 77.9 79.2 .0,7 8116 78,7 Q, 0. 131,1
125, 0. 72.0 72.4 76.2 81.0 79.1 79.8 82,2 81.2 825 85.3 84,3 83.3 82,3 82,9 83,9 80,9 01 o0 135,7

160. 0. 71,7 74.1 76.9 7F.5 79.0 80.2 81,1 79.7 0Bt2 82'0 82,2 82.2 82,3 82,7 8095 79,7 O 0o 134,3
200, 0. 73.8 75.2 75.7 76.8 77.9 77.6 77,1 76,6 77.3 79.4 79,1 79.1 80.1 80.0 77,9 77.0 0. 0, 131,7
250, 0 74.0 74.3 74;6 72.5 75.0 73,4 72,7 73.6 74,3 76.3 77,0 77.0 78.2 78,0 .76p9 76,7 O, 129;3
315, 0. 75.0 74.0 73.7 73.5 74.7 73.4 74,9 75.9 76j1 78.1 78,1 79.4 79,4 78,7 77 7 76,8 0, 0. 130,6
400, 0. 72,7 72.9 72,6 713 74.9 73,3 73,6 74.4 74i1 75'.9 76,9 76.9 78.3 78,9 78,8 759 of, 0. 129,5
500, O. 71.6 72.1 72.8 71.3 72.8 72,2 72,4 72.4 72.8 74.8 76,8 77.1 76,0 78,8 77,7 74,5 0, 0, 128,9
630, 0. 72*3 73.2 74.9 72,7 74.9 72,6 73,1 72.8 72,4 76.5 77,2 78.6 8013 78.2 75,7 72,8 0. 0, 129,8
800. 0. 72.8 73.0 74.7 71.8 72.7 73,2 73,9 72.9 74.2 77.4 80,2 81.4 82,2 76,9 75,6 72,6 0, O, 131,2

3000, 0. 7.c0 72.3 73.2 73.0 72.2 72,4 74,1 74.0 73-4 76.5 78,3 81.6 80,1 76,1 75,0 71,8 O O, 130,5
1250, 0. 71.0 71.3 73.7 71.5 72.0 72.2 74,0 74.6 73.2 76.0 77,0 80.2 78,0 75,9 73,6 71,9 0, a, 129,7
1600, 0. 4E 2 69.4 72. 70.5 72.1 73,3 73,8 74.7 73,1 .761 77,1 79.3 77.6 74,8 73,7 72,0 oP 0 129,5
2000. 0. 70.1 70.6 74,0 71 . 72.4 73.8 72,2 73.9 72 T 3  75.6 80,4 78.5 80,7 76,9 74,1 72,9 o. 0, 130;6
2500, 0. 72.7 73.9 73.6 72.5 71.7 73,1 72.9 72.6 74,9 78.1 81.3 82.1 80.4 78, 0  75,5 71,6 0O 0. 132,0
3150, 0. 73.0 72.4 73.2 70.7 72.0 69,4 70,9 71.8 71.2 74.1 76,5 81.4 76,1 75,9 73,0 71,1 0. 0, 129,7
4000, 0. 79.7 79.0 80.5 76.4 74.6 74,4 71,9 72.8 69,9 73.2 78,0 76.9 78,1 73.8 73,5 71.,6 O 0. 130,9
5000, 0. qlj.3 82.2 81.0 77.9 76.i 74.7 74,9 70.8 72.4 74.1 76,2 77.5 74.5 75.8 71,0 69,0 0, 0. 131,6
6300, 0. 15.0 85.2 3 .3 83.0 80.0 76.5 75,1 74.0 7 231 75.4 61,3 83.5 80,3 78,2 74,8 721 0, 0. 136,0
8000. 0. 33.. 83. ;12.7 80.6 77.8 76.5' 75,9 72.8 72i2 75.0 61b 3 82.0 80.1 76,6 73,7 70,8 0, 0. 135,6
10000. 0. 14.9 85.8 55,P 84.4 81.9 79,4 78,6 73.6 71.0 72.0 77,1 78.9 77,0 75,7 72,6 69,4 0O 0. 137,8

OVERALL 13,6 "1.5 91.9 ?2.0 90.9 89., 89,2 89,7 88.9 89,2 91,5 93.0 93.7 93.3 ?2,5 91,6 90,2 13.8 13.8 146,1
PNL 0. 1!4.r 104.P Iu5.1 103.3 it1.9 100.3 100,2 99,5 99.6 102.3 105.1 106.2 105.0 103,2 101.2 98,9 0. 0O
PNLT 0. 1,4.5 104.8 196. 10j4.4 103.0 100.3 100,8 99.5 100.6 103.4 105.7 106.8 105.5 103.2 101,2 98,9 0. O0

Figure 120.
c
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nfc

FULLY SUPPRESSED CONFIGURATION

0. lj. 20.0 1.(i 40.0 5C.O 60.0 70,0 80,0 ,0 ,0 10r 0 110,0 120,0 130,0 140.0 150,0 160.0 170,0 180.0
FRE) ...- 0, 0.
50, n. 77.0 76.P 76.P 78.5 79.7 79,2 80,1 79.8 80.8 81.0 83,7 83,7 87,7 89.8 93,8 9416 0 0O, 139,1
63, 0, 7.0 .77.7 77.7 7F.0 79.9 78.4 79,3 79.7 80;0 82.1 83,. 83,9 86,6 890 91,3 9118 0 o, 1377
80. 0. 70 77.9 77,0 77.6 79.8 79.3 79.1 78.6 79.6 82.0 83.n 84.5 87.4 88.7 90,9 89,5 0, O, 137,4

100, 0, 7;.9 77.6 77.9 79.0 81.1 80.6 82,1 81 9 81,9 84.8 h6.1 87.6 89,8 91.7 93,0 89,6_ 0. 0 139,8
125. 0. 7 3 79.9 33. 87.9 07.5 P5,9 88,7 87.2 87.3 89.2 90,1 91.1 93,7 94.2 95.4 90,8 0, o, 143,5
160, 0. 76.9 83.7 :36,7 87.9 89. 0  89.5 90,6 88.0 881 89.9 91,0 92.6 93,7 93,7 93,0 89,6 0. 0. 144,0
200, 0. 10.9 84.0 3r.7 8 .50 a6.2 8A .4 85,4 84.7 85.0 87.0 88,0 89.7 90,5 90,1 89,0 87,6 0. 0, 140,9
250, oC, ;I.9 82.8 A2.7 81,0 85.2 82.4 82,? 817 82,0 86.1 861 a7,6 88,5 8L 88 868 0. 0. 139;0
315. c. 79.9 82.0 33.o 8.8 82.7 84,1 83,9 4,0 87.2 86,8 86.7 888-88.0 88,1 85,5 03 0, 159,5

400, 0. :\,I1 81.5 '1,6 79.9 83.1 1,4 82,1 -32.6 2,6 85.0 86,0 87.5 87,7 7_8. 9 82__ 88 8 4 0. 138,6
500. 0. 10.f 00.6 30.7 R0.8 81. 81.3 82.2 81.5 81,8 84.7 84,6 86.6 87,3 87.6 86,9 83,5 0. 0. 138,0
630, o, 7 9 ,1 82.72 311 3 , 3 ?0.4 1Ri,7 bl7 81,9 822 84.3 85,3 86.3 88,7 8 7

,2 _
8 61 _82,

7 
.D 0 138 s

800, 0. !0.9 81.8 l1. 80.8 81.0 01.5 82,2 80.9 81.7 84.8 86,1 89.7 87,8 86,7 85,2 82,8 0O 0. 138;7

1000, 0. 78.4 81.3 78.9 79.2 78.2 79.7 80,4 80!2 80.2 83.1 84,3 87.8 64,9 85,j 84,4 80,9 0. 0 137;8

1250, 0. 76.9 77.0 78,0 77.1 79.9 7P,5 79,5 79.7 78.8 80.9 82,1 84.9 82,5 83.7 82,9 79,7 O0 0. 13593

160C, 0. 79 , 75.9 78.2 77.9 77.9 77,. 78,5 78,8 78,1 80.2 82.2 84,6 82,8_ 83,1 8 3 79,9 _0, 0. 1349
2000. 0. 772 79.2 31.2 78.0 78.4 79,7 78,7 79.2 78,0 81.1 84,11 83, 8 83,9 83,2 82,2 80,0 0, 0, 35,
250C, 90. '.9 79.9 78.9 7P'9 77.1 77.7 78,4 77,7 79j9 82.8 84,8 84.5 83,3 83,6 83,1 78,7 0, 0, 136,2
3150, 0. ',.3 82.0 ?.f 7?.3 78.1 7 5 . 77,4 77.9 77.9 80.4 82,1 85.8 80,9 81.2 8i1 4 78,0 n, 0, 13516

4000. 0. ,5. 8~ 6,6 83.9 82.1 61.4 79,3 79.6 76.7 80.8 84,0 83.5 85,3 79.6 82,1 79,4 O, 0. 137,7
5000. 0. 6. 89.3 9,j .86.2 82.2 82.6 63,6 79.8 78, 80o2 80,2 82.8 80.9 b 2- 80 - -376,7 O1 0, 138,2
6300, O. n9.5 90.1 890 8?.3 84.3 81,7 81,6 80.1 7712 79.3 82,1 83,1) 80,6 80,1 80,4 ]7,7 0O 0. 139,6

8000, C0., IF .8 ,35.9 64.9 1. 9 81.4 82,3 78.6 77.7 80.8 b5,0 85.5 82.4 79,6 79,1 75,1 0, 0. 139,8

10000, JO 5.9 88.5 16.4 85.7 83.8 80.2 80,9 _7.6 75 _ 77.5 82.6 85.3 84,1 836 80,9 75,2 0. 0. 141,0

DVERALL 13.8 16.2 97.8 ')7.2 96.6 96.7 96.1 96,9 95.7 958 98.2 99.4 101.0 101.6 101.9_102,6 00.6 13.8 13,8 153,0
3NL O. 119.9 1 . 110.3 119.4 17. 7. 7,7 107.06,2 165 i7 1.08.4 110.2 111.8 111.4 110.4 110,2 107,4 0. 0,
3NLT G. 11i0. 111.0 1.10o. 110.0 J17.7 107.7 108,8 106.21057 108.4 1,10.8 111.6 112,9 110,4 110,2 107,4 0. 0.

Figure 122.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 9 0% Nf
c

FULLY SUPPRESSED CONFIGURATION

o, 1,1. 20.0 30., 40.0 50.0 60.0 70,0 80,0 90,0 180.0 110,0 120,0 130,0 140,0 150,0 160.0 170,0 180.0

50, 0'. '31.8 80,9 79.8 81.5 82.5 83, 83,7 64,4 85,3 86.8 90.2 88.0 92.8 96,8 1008 102.7 0- 04 145,8
63, 0i 82.8 81.1 10.7 81.'5 82.7 82.2 83,6 83 7 84.4 87.0 88.2 88.0 92.2 94,7 96,9 98,9 0O 0o 43,2
80, 0. 3.7 61.0 91,6 81.4 83.6 85.0 84,5 83.8 84.3 86.9 b8,1 89,2 92,0 ~,7 97,8 96,4 0O 0 143,2

100, 0, 310 81.1 310, 81.7 R3 5 831 846 5.0 96.4 89.1 90,6 92.2 95,0 97,7 99,7 97,8 0' 0. 145,4
125, 0. A2.0 81.6 04.9 84.9 88.2 88,8 89,0 89,9 90,8 93.4 94,6 95.2 97,3 ~9*2 101i 9 96.9 0 0. 147,8
160, 0 92.9 86.3 39,8 91.4 90,6 92, 92,6 ?~ 921 22 _40 96,3 96.9 97,9 99.9 99_6 96,9 0 . o 0 18,6
200, 0. 15-0 87.3 38 1 88. 89.8 89.3 88,0 88.9 89,6 92.1 93.5 93.3 95,3 96.8 95a9 93,8 0, 0 145,8
250, 0. 33.7 84.3 84.7 84.4 85.9 85,2 85,9 86.6 97.4 90.2 91,7 92.3 94,1 95.0 93,8 92,8 0, 0o 144,0
315, n, 12.8 85.4 84,9 85.7 P7.0 85.4 87,8 87.7 8894 91.1 9i,5 93,3 93i 94,6 93,8 91,8 0. 0, 144,2
400, 0o ! 3.9 84.3 83.9 83.6 86.9 88,3 88,7 87.5 87,5 89.1 90.4 91.9 92,0 93,9 93,5 90,5 0, 0. 143,5
500, 0. 32.5 84.0 36.5 83.3 84.7 85.3 86,6 86.6 87.i 89.0 90.2 91.1 91. 93.6 928 89,6 0. 0, 142,9
63(1 0. 11 8267.6 a4,9 84.0 84.9 84,7 851i 85.8 86j8 88.3 90,6 91.2 91,5 ?3,1 92,0 88,0 0, 0o 14216
800. 0. 10,0 82.2 83.7 836 83.9 84.3 84,9 83.8 86,4 88.2 90,7 92.1 9143 92,0 90,6 86,6 0, 0. 142,3

1000, 0, 79, 0 81.4 '2, 80.7 83.1 81, 83,1 83.0 -844 87.3 88,8 90.3 88,6 90,g 89,8 858 0, 0,. 140;6
1250. 0. 77.8 79.4 0.8 80.8 80.7 81.2 81,7 82.6 82.4 85.0 86,7 88.3 87.3 F9,0 8806 85,9 0, 0O 139,3

1600, 0. 77:2 7 .6 31,1 79.; P1,1 81 . 80-8 82.0 81 6 841i 86,4 87.0 87.2 88.9 87,0 85,0 0, 3. 158,8
2000. 0. '3.3 82.7 34,3 81B 81,2 82.5 81,0 82,1 82,5 84.6 87,8 85.5 88,4 89.1 87,9 851 0 0 139,6
2500, 0, 83;0 83.4 83.0 8J1.7 79.8 81,4 82,6 81,5 84,4 86.3 88,6 86.9 87,1 88,8 87,6 83,8 0, 0, 140,0
3150, o, 16. 0 8,4 '6,2 82.0 F2,1 79, 8,192 61,8 9116 83.2 84,7 88,3 84,2 86, 1 85,1 82t, O, 0a 138,9

4000, 0 7'.8 87.4 90. 0 86.4 S ,5. 85,2 82,8 83.7 81,1 83.9 87.5 85.1 88.0 84,6 86,5 83,8 0, 0. 140~9
5000. 0, 88.0 89,5 36.0 86,6 83.8 84.4 84,8 82.0 83,4 83.4 84,7 85.3 84,2 86,9 83,8 81,0 0. 0, 140,4

6300, 0. ;19,3 89.7 90,3 86'9 85.8 84,6 82,8 82.8 80,4 82.4 85.7 84.3 84,2 848._85,0 82,8 O 0 141,1
8000, O. 15.7 87.4 86.6 84.5 82.6 82,1 82,8 1.5 82,1 83.1 86,5 84,9 83,1 81.6 82,8 79,8 0, 0, 140t6

3.0000, 0. .4.6 85.9 85.r h4.3 61.7 79.2 80,5 79.4 79,2 82.0 87,0 88.1 86,2 84.5 84,4 80,4 0, 0, 142o,

3%ERALL 13.8 98.0 98.7 9.6 98.6 99.0 99.3 99,5 99.5 100.1 102,3 104,1 104.7 105.9 107.8 10819 107,6 13.8 13, $57,3
NFIL (). 111.3 112.0 113.0 110.8 110.4 110.3 110.0 109.9 110.1 112.1 114,3 114.7 114,9 115,8 115,4 112,9 0 0.

CIL 0. 1.12.4 112.0 113.6 111.5 11.0.4 11_.4 110,7 109.9 110 112.1 114,3 114.7 116.2 116.8 115,4 112,8 0. 0,

Figure 123.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY.

150' (45.7M) ARC; 60% Nf
c

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90,0 100.0 110.0 120,0 130,0 140.0 150.0 160.0 170,0 180.0

50, 0. 78.9 78,9 79;4 81'8 79-8 81,8 79,0 79.0 838 84.1 85,1 83.0 86,9 86,4 87,7 88,0 0 O, 137,0
63, . 74.8. 73.8 73,4 73.9 746 74.8 76,1 76,1 777 77.1 77,4 76,8 79,0 78,6 80,8 8 1,- 0- __.j 15 4
80, 0. 72.5 73.7 721 71.-B 75.3 73.8 73,5 74.4 74.3 73.8 76,0 75.5 78,0 77,4 79,6 79,9 0, O- 128.9

_10-0_ _ 0 7_1. 9 _2.9 74 4760 78.8 81,0 77,9 79.1 79;7 81.9 83,4 82.9 84,2 83,5 83.8 81,2 at a, 134,
125. 0. -75 8.3 80,8 83.4 84.2 83.2 9003 88,2 82,9 87.4 91,8 87.4 86,4 86,8 813 85,4 0i Oa 14097

60, 0 . 74.7 77.8 80.5 8~.9 81.9 82,3 82,8 83,1 83,6 84'C1 85o4 84.8 85,2 84,8 83,1 81,8 i _, 1369
200, 0. 78.j, 79.9 00,4 81.3 80.0 79.1 78,2 79,2 81-7 81.2 81,5 82.2 83.0 83,6 78o9 80,2 0. 0. 134,5

___250, _ 70, 2__ 0._ 78.6 75.2 76.0 75,0 75,9 78,0 78,0 77. 0 79,3 80.3 82,2 81,0 78o2 78,3 0. O.12892
315, O. 7 7.0 80.0 77,3 76, 2 75.8 77.1 78,0 78,1 79 . 80'. 80,6 82.1 82,3 80,0 79o0 78,1 0) O 0 183o
A400 0, 7486 77 ,0 762 7 1 74 74. 9 75,8 76.1 76j 9 78.p 79 5 80,9 810 80.8 8062 78,2 0 .O. e 9% 9
500. 0C 72.6 74.6 77.1 74.0 74,7 74,6 75,7 75.6 77,6 77.97F2 80.8 81,9 808 79 0 77,0 09 O0. -M99
630 _. 74.2 76.2 76.5 75.3 75.8 75,2 75,3 76.3 780o 79.5 81,5 84.1 85,2 84,1 800.3 77 .0 0. 0. 34;2
800 0O. 75,1 76,8 77.3 76 4 75.8 76,4 77,1 76.9 79- 0 80.1 833 85,0 86,3 83 80,9 76o9 o O. 18

1000, 0. 73.2 77.0 77.4 75.3 74.1 76,6 76,3 76.3 78v0 79.2 82,8 85.2 85,5 84o 80,1 7791 O_ 0 1,40,
1250, 0, 73.9 79.1 78,6 78-0 77.8 79.0 78,0 81.0 79,8 83.0 83,3 86.9 88,3 90.6 84,9 81,0 o0 O 1s8 A
1600. 0o 72.2 74.9 76.4 74.1 75.9 76.5 76,0 78.2 77,0 80;2 81.4 84.1 85,3 86o1 81,0 78,5 0O o, 185,1
2000. 0, 3O.2 80.2 81.9 79.5 81.1 78.4 78,3 77.,4 78,0 81.5 WM6 84,2 86,6 842 78-2 70,3 0o 0.o 16t
2500, 0., 74.8 77,9 78:6 79-'0 76.7 79.3 78,2 76,8 817 83;3 86,5 86.9 893 56 818 792 o 18 8j
3150, 0. . 5.0 76.9 76.7 76.1 75.8 76.3 76,0 77.3 78,2 78 827 4 8 4,1 823 a79,4 O. 0. 136,6
4000, 0. '.1 79:1 02.6 78;0 79.8 74,0 77,2 77.1 810 83.0 86,3 87.9 90,3 0846 8 31 80,2 01 0 139O.
5000-. 0. 020 851 81-8 8J- 4 77.0 78 78,781 78.3 789~ 79'4 83,4 85.1 85,2 8400 80 3 77,0 e O 1874

6390, 85 8,0 _85 ,0 8 
81! 2 i,2' 79.1 77,1 76. 79 1 79.2 84,4 86.1 85,4 81,8 79,2 772Ja ,? gj 8 4

0000. 0. 83.6 85.6 84.1 83.0 79.6 77,1 77.7 75.6 76.5 78.0 82,1 83,7 83,8 79,4 78,6 74,8 0, Go 13787
90500 ., .. .5  87.5 87,8 85.3 832 8p0,7 79,6 75,2 76,2 76;4 81,0 83,3 82.7 78,3 76,3 74, 0 A _ao 400

VYERALL .13,8:92-8 -94.5 94.7 93.J3 92,8 92,4 93,9 93,2 93.5 95'0 97,8 98,4 99, 98.0 96i0 94,3 139
NL 0. 15.7 107.3 107,7 105:1 104.8 103,8 103,6 103.6 1056 107,2 110,2 111.9 113.1 109,9 107,6 105,2 O O.
NL_ .. o 8.0 108.5 109,1 106.2 106.4 104,7 105,2 104,8 106,w8 108'6 111,4 112.5 114,7 111,7 109,1 106,3 00 0,

Figure 124.0)



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nf
c

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

0, 1u.U 20.0 3().0 40.0 50.0 60.0 70.0 80.0 90u, 100,0 110,0 120,0 130,0 140,0 150,0 160,0 170,0 180.0
F- EQ ----AWL_
50, 0. 75.7 74.3 72,9 74 7 80,4 75,8 77,6 77,6 80,0 80;3 80,8 80,4 63,7 5,, 87,9 88,7 O, Of 184t9

.3 0 C. 7.2_ 75, 4 74, 7512 80,8 78.8 80,7 80.7 80-2 81''8 83,2 82,6 86,9 67,a0 89i 89,8 0i __j,$_6_27
80. 0o 76.8 76.1 74.4 74.5 81.4 75,3 77,3 76,1 77i5 78.2 79,5 80,2 82.8 63,9 85,3 86,4 0, 0 133 6
0, 0, 76..0 74377. 2.7 80,0 ,60,6 81. 4 8318 84.7 84,8 85,7 87,1 87 2 88.8 86,7 ,. 1 I

125, 0. 79,4 82.4 85,1 87.5 87.7 89,0 88,8 89,0 912 931. 932-93.8 94,2 93,3 92,3 8800 O, 0, 14,7
160, _. 79.9 82.2 85., 86.1 86. 86.7 86,4 85.6 89.D 90 8 9012 90.6 2 90,3 88,8 86,4 0 0 14
200. 0. 2.0 84.5 85.2 851t 84.8 82.8 82,5 83.7 87.o 86.8 86.2 87.8 1 89,4 86,9 85,8 0, o. 13918
250, 0Q 82.2 82.3 82,0 80. 1 825 78,8 1, 5 82,5 82i9 83.6 83,0 84.8 84,9 85,0 84,0 84,5 9 0_ i3LS
315, 0. 79.3 83.3 81,3 80 1 81.8- 81.1 82.7 82,8 84, 84.8 859 6 8, 5,0 84'7 83,7 0. 0. 13 i9
400, 0. 78.8 79.2 79.8 77.9 _ ,.7 79_6 81,6 80.3 818 83,4 83,0 84.4 85,0 3,9 84,8 8-,6 . , 8 64j2
500, 0, 76.0 78.1 79.0 77,9 81.3 78,7 79,5 79.5 81i8 83.3 82,8 84,6 86,0 84,8 83,5 81,2 0O 0 1360i
630 0 7 ,7 79 7873 7_2 79.1 7 19,9 7 9 ,9 212 83.7 84,4 87,7 88,5 86,2 83,9 80,9 0l _ a 1371

800. 0. 79.0 78.6 80,0 80.1 81.6 79.8 81,5 79.7 83.9 86.6 85,9 90,0 89,1 87,1 85,0 80,4 0' 0, 13~
S'000, 0, 77.4 78.5 79,2 79,5 81,1 9L 79,9 83.1 84.8 86,4 90.2 88,3 85o3 84o2 7 9 .9 O _O_: ioI 1

1250, 0. 75.9 77.3 78.0 78,2 79.9 78.9 80,8 80.5 81.2 82.7 .4,4 88.188,3 86,3 83,. 791 0. 0. 137,7
1600, 0, 62.3 81.7 82.3 82.1 84.6 84,1 84,8 84.5 86,3 88.0 92.1 94.0 93.4 91.2 90,0 87,9 ~ _. . 1.431
2000, 0. 78.3 77.6 80.3 78 6 82i 8 8-- 0--79- 81.8 8,2--~8 7B8;2 8, ,- - 80 8 2t 08i 0 i9i

2500, 0O 78.0 79.6 81.0 82.D _82.5 __8B 81,7 81,7 85,3 87.6 90,3 89,9 93,0 85,2 8317 80,4 o 01 __a 41I
3150, 0. 33.5 83,5 83,2 83,5 84,0 83,1 83,7 83.7 85,2 8508 88,3 -9 92,5-- 9,6 0 .1 85 0 0, 143!7
4000, 0 86.9 82.2 8512 82.3 85.5 78.1 82,4 81.6 85.2 87.7 90,3 91,9 93,0 86,3 85,0 82,7 0. 9, 442 7
000, 0. 17.1 89,4 85.2 87.5 85.783,0 I; 3.6 84.3 87Q 1. .2 893 85l2 81,9 0 143;A

$300, 0, 89.4 87.5 89.2 85. 87.7 84.2 82,9 80,9 84-2 84.9 88,2 90,9 90,5 84t5 82;9 8 .9 -0 . 1__
3000. 0. 87.R 68.1 86.0 86.9 86.3 80.9 83,3 80.5 83.7 83.6 87,9 89.8 89,1 84.1 82,8 79,3 0, 0, 142 ~

10000, 0 88'13 87.9 87.3 87.4 87. 13,1 83_8 79_ 81.;3 8.1 84.5 87. 86,4 82.6 80,3 77,8 0o _._. ,

)VIERAL 13.8 96.8 96.9 96.9 96.'8 97.9 96,0 6 j6 2 98.510.1_ 101,5 103.7 103,7 1013 100,5 98,5_ 13 1813. 8 1,41
.NI. 0. 110.1 110.5 110.2 109'7 110.5 107.9 108,9 1.08,4 110 4 112.2 114.4 117.9 117.0 113,7 113,1 109.9 0. 0o

2NI.T 0. 111.8 112.0 111.3 111J0D 111.6 109,5 110,4 109.5 111,8 113.5 116,5 119.9 118,3 115,5 115,4 112,3 0. 0O

Figure 125.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nfc

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION.

o,. 1 .0 20.0 30.0 40.0 50.0 60.0 70,0 80,0 90,0 100.0 110.I .20.0 130,0 140.0 150,0 160,0 170,0 180.0

5 0 77 770 791 77 78. 9,980,3 0.5 840 844 848 83,4 89,0 10 931, 95,4 o O

63-, 0. 1.3 78.4 80,4 79L 79.9 8, 3 81,5 8_07 83"1 83.5 84,3 84,8 89,3 90,4 91,8 92,8 , t 9

80, 0 . 0.9 78.9 79;9 77.8 80.3 79,0 80,0 79,4 81,7 83.1 83,6 85.1 88,6 89,8 91,6 9 1 , 3  Oe 0. 138,4

_____ 79*2 78,3 81'0 8 3. __ 83.0 834 83,7 86.3 87.4 87,9 88.5 92.1 92,4 9 47 9 ,6 Qj 141i.6

125, 0 80.2 82.5 87.2 88 5 90. 89.3 91,7 90,1 92i4 94'8 953 96.0 974 63 ,2 0 0. 1-75d

S . -9 86,5 899 99 1.92 .. 8_ 9j,3 92 14 90.8 94,2 95 5 96,0 96.5 97,9 96,4 94,7 92,5 . .. _1 47)
200, O 17.0 88.4 88.3 88.3 86.6 86.1 86,7 87.7 91,3 89.7 90t1 90.9 93,0 p3,2 91,0 89,9 0. 0 1434

250, 0. '15 3 86.6 87.3 84.1 83.9 84,1 83,5, 84,5 86.4 886 88,2 88,9 911,0 90,2 88,8 87,9 o, 0, 411O

315. 0- 82 0 84.4 86.0 84.4 83.6 85,2 85.7 85.5 88,5 89'7 89,1 9 09 91 0 -,-2 890 879 0, o, '.4'

400, _. 810 81.34 83,9 82 2 82,5 82,9 84,5 83,6 87 4 88'5 88,2 88,7 88,9 89,1 88,6 867 i o.. 14 j
500, 0. 78.9 83.2 83.1 819 83.7 84.2 85,2 85.6 89.1 91.4 87,9 89.4 89.9 90l3 88,6 86,3 O0 0 1241o?

630 -.10- -82S-2 8 8 4 2 -A4 2 .i2A3_ 1 83 9 83.7 86,6 88.0 88,3 ----90. 91,59 gL ,_88,2 8600 o . , -o, l

800. 0. 80,9 82.3 83,4 83, 82.6 84,3 85,7 83.8 87,5 88.7 8W 91.7 92.0 c3 88,8 8543 0'D 0, 141,

-9 - 0 _ 81.7 82,6 83. 3 g &.9 a1 3 8
9  84.0 86_ 8B. -89.6 91.9 91.2 88. O9il 0 914106

1250, 0, 78pi 80.7 83,3 81'1 81.0 82,4 82,8 83.8 85,4 86.6 87,3 90,7 9130 89,3 87,9 83.5 0, 0 140. 8
1600, 0. 833.1 82.7 85,3 83.4 '85.7 85.2 84,7 86.6 87,4 90.0 91,5 92,7 95.3 91,3 87'9 86,7 0, 0. 143P9

-O0, 0. 88.6 769,6 8 6.- -678,8 8 92,1 -W4T9937V96B8 ~ oC 14808

2500, 0. 81.9 83.3 86,2 8570 83,9 86,1 84,6 84,5 89,3 90.9 93,1 92,8 95.0 89,2 87,0 84,7 0' 0O 144,3

3150, 0. 86.2 85.8 87,3 84. 3 8,9 85.3 85,7 85,7 87,7 ~9 91-3 96,8 5 942- 0 89-3 87,0 O.0 0. 145.1

4000, 0. 19.9 86.2 89,9 86.2 88.6 85,3 86,6 86.5 90.5 92.8 95,3 96,8 98.0 91,5 90,9 89.6 0 0o, 147,6

5000 0 18,2 91.4 89.2 89.3 85.8 88.3 88.0 87.P 87.5 88 916 930 932 7 872 850O 0. 145,2

6
3 00, 0!o. 90,4 88.4 91.2 87.2 87.8 87.3 8599 84,_ 87i5 87'8 9013 93,0 92,1 08,4 86,1 85T9 1, .44,9

8000, O, '8 1 89.1 89.8 -.1 84-4.7 84,2 86,5 84.6 96,2 87,5 -  2 91. 9;1.1 ;2 85,5 82,6 0. 0, 145,0

10000. 0. - 8.4 88.6 89.6 87.4 85.2 84.4 85,0 82.1 84,7 83.8 87,5 90.2 90,3 85,7 83,2 82,1 O. __ 0 44,8

IVERAL 13.8 99.0 99.4 10018 994 9.8 909,0 10_2 110 . _1 2 LA9. 0 0 6.5 107.8 10_j5.5 1 0 4 s6 _ 1_3,8 a.8 198t0
3NL 0. 112.7 113.1 113,9 112'2 112.4 112.0 112,2 112.8 114.9 116.6 1168,4 120.0 121,1 117.7 115.8 114.1 0. 0,

NLT 0, 115.3 114.6 115,2 113.2 114.5 113,4 113,5 114.9 116; 118.1 119,8 121.4 122.9 119.9 117,3 116.2 O0 0,

Figure 126.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf

TOTALLY SUPPRESSED INLET, HARD FAN EXHAUST CONFIGURATION

o0. lJ. 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90,0 1000 110.0 120,0 130,0 140,0 150,0 160,0 170.0 180.0

50 8... 0.8 81.6 80.0 81'*9 82.8 83,0 84,0 85,5 87,5 88.0 88,8 88.6 94,2 96,6 100,9 103,7 0, 0 13

63, Do 83.0 82.1 81_2 821 _ 2 ._2._9 83,9 84.7 86~6 86'9 88,2 88,8 93,2 94,8 9841 10 i0 . a.s _ 1 441
80, o. 3.5 82.7 82.9 83.6 84.4 84,6 83,8 83.3 8515 86.5 88,9 89.7 93.1 93,5 97,8 97,5 o 0, 143,4

___ , ... J2.7 _82.6 81.9 83,9 85.6 85,9 86, 87,6 88.7 91.0 91,8 93.9 97.1 97.5 1007 978 , 0,14
125, U. 13.2 84,9 18.-.3 89.2 90.9 91,6 91,2--92.0 93,9 95-2 96,2 .98,1 100,7 1, I023 9,2 o 0, j4909

-160 0 4.7 9 .1 7 94.9 963 3 7 95, 93995,8 98 98 10 10, 1075 106 101,9 9811 . S

200 0. 7.9 918 91.1 91.1 869.9 90.1 90,1 91.8 93.9 93.2 94,9 96.2 97,6 98,7 96,9 96,0 0. 0. 14 7 8

250. _ 0.. 6 879 88,2 86B 88.9 88.4 88,4 89,2 90,7 92. 93,0 94,3 96,4 95,7 95,8 93Q9 o, a, -.59

315, 0. 4,1 87.1 863 863 89.9 89.4 90.1 90.2 921 931 93,0 96,0 96, 95, 94 1 94,2 O~ 0 146

0, 83. 88A_~ 85 89 f 891 90,1_899 90.0 920 92,9 93,9 941 93, 947 93, go no J IL

500, 0. 92.6 85.7 86,8 85' 86.6 88,3 87,2 89.0 89,9 90,9 91,8 94.1 94,5 V4,4 46 92,0 0 0O, 145,0

630. 0 930 6 87. 85'.3 86.9 F8.4 88.2 89.3 90,2 92.2 92,4 95,4 957 938 932 91,3 0 O, L

800. o, 83!1 85.9 87;3 87','0 86.0 86.4 87,3 87.1 90.0 9tA0 92,3 95.0 96,3 9247 93,1 9Q, o o 0. 15,2

1000. 0o 2.0 86.4 85.4 86.4 85,0 86.6 8793 88,1 89,0 90;2 91.1 95,2 94,4 92,8 93,2 89,1 0, - 4

1 250 0. 01.1 85.1 86,0 84.9 84.9 86.4 85,9 86.8 88v7 89;3 90,2 95.3 95,5 92,7 92,0 88,9 O, 0 1 44T6

1600, 0. 82. 0 84.0 85.4 85.1 85.9 86.4 86,1 87,0 88.2 90';5 92,2 94,4 95,7 92.0 91,0 89,3 0, 0 144,8

- 94 92..5 469 7 6 95.4 954 92,3 94,2 --O .6 102.6 103.6 t04'i 7.2 Y41,3 v.

2500 0, 31.7 87.9 a891 88a13 88.1 90,5 89, 88,? 9 i27 9413 97,0 97,0 98,6 2. 928 8,9 . .0 82

3150- 0. 971j 89,4 09,3 87.1 06.9 88,6- 88,5 89,1 91,1 90.2 9 ,2 98,2 94,4 910 72,0 893 0. 0 46,8

4000:_ 0, ' 0.8 90.2 93,3 89-0 91.8 87.1 90,0 90.8 94,0 96:3 99,1 100.0 99,6 93,6 93.1 91,9 O O, 150.6

-5006 0. D 890 94,1 902 9272 88.2 89,5 90,6 90, vo 92.1 D 094795 4 72t0 9 0 0. 0
6300, o. 900_ 91.3 92.5 89.4 89.9 9a00 89,2 88.0 9.1. 91.1 95,0 98.3 95,6 9009 89W1 8910 0, 0, 14816

8000 0' 97.8 90.9 89,1 89'8 B6.4 86,8 88,8 88,7 88 7 91T0 94,9 95.7 93,2 89,3 88,5 86,9 O, 0, 148,0

A0000.__ 06' 88.5 87.7 86.6 86,1 85,6 86 7 65.2 88,3 88.4 93,3 95,6 92,8 89,0 88;4 85,3 0. 0 148;1

OVERALL 13'.8 0 l 102.4 i oopjf2ii,8 103.2 102o8 103.6 lstS, 7'0 109ot 110.7 11 4 401.4 110 i0 B 3#18 13 1 7
PNL O 1i3.8 116.1 116.5 i±52 115.8 116.0 115,2 115.9 118.2 19';9 122.4 124.0 124,5 1200 119,5 118,2 0o 0,

P0N _ ... 162 1176 jAU9 117'.'1 118.6 118.3 116,8 118.1 120.4 122'3 125,1 126.7 127,0 121,6 119;5 120A , 0 o

Figure 127.
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QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 707. Nf

COPLANAR NOZZLE CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 140,0 150,0 160.0 170,0 180.0

0. O; 74,2 73.3 72;2 74'3 73,9 75.6 76,3 76,2 77,9 7896 80o, 81.6 83,0 84.2 87;4 89,9 O 00 4,3
.66. L 1 73 6 7.9 74n6 75.9 77.7 781 75,9 769 7.4 79.6 87 _814 2.8 85;5 87.2 -_153180, 0. 74.2 71.5 71;2 71'.8 72.5 73.4 74,5 74i, 75,6 76.8 78,5 80.6 81,9 83,4 86o2 86,3 0, 0 132.7

-_ 100. . 7 5i,1 8.11 8_ 72 8 72.6 73,9 75,3 75.9 78w4 79j1 80,8 82,7 84,6 86.5 89;3 87,6 pi -j. l -5125, 0, 76.8 73.4 74.8 79 2 80o0 88.3 87,7 87,5 87'1 8472 86,8 88,0 87,2 $9,0 ?904 88,3 Oi O, 1402a
160 LT134Z 74.5 76,6 77,8 78.4 Si,3 9.9 82,0 833 83~4 85,0 86.5 87,4 48,4 8617 87,4 o7
200, 0, 74,6 76.7 75.9 77.4 78.5 78,4 79,3 79,8 810 82.4 8309 84.7 85,5 $5,0 84,8 84,7 0p 0. 135,8250. 0. 76.6 77.8 76,4 76.j 75,9 77.0 79,8 77,9 80 80eo8 82,9 83.0 84,5 83,8 83,7 82,7 ov -,_~ 4.7
315, 0, 77.3 78.1 77,4 7772 77v0 78,9 79,6 81,1 81;6 82;5 84o1 85,8 85,3 317 83'4 82,7 0o 0. 135,9._ o._ ... 72 77.9 773 766 76.6 76.9 78,2 79, 0 8014 80-7 82.7 83,4 82,9 83, 83,0 81,9 g , 1 415500. 0. 76.2 77.6 78.3 76. 75.7 76.8 76,9 77,7 79,6 80-3 81,9 82.4 82.3 83,1 82;4 80,3 0O 0, 133,9
630 L_0 _ 75,8 76.6 71 6 6 75.8 76,4 77,4 77,4 79,2 81.5 2.8 83,_ 83,4 82,8 81,3 7 900 o. o. 343
800. 0. 75.1 76.9 76.9 75;6 75.9 77.0 77,7 77,5 784 81.0 83,8 85,5 840 81,7 80,8 78,0 0 0 134,8_A .. .. _72 _4D _14 744 74.0 74,7 77,6 76,6 77v4 8' 8,8 84.5 81,5 05 798 7 6 1. 0 I35

3250, 0. 71.3 72.9 73.7 73,2 73.6 75.0 77,4 76,4 76,7 78.2 80,3 83,0 79.7 79,i  78,6 75,8 0O 0. 12m3---- L5 - ?12 7 5_4 74 1 765 75. 76,9 78,? 76.3 77. 78.6 8 ,8 82.1 79,4 78,7 77,5 769 _ 0. 132,82000, O, 73.1 72.2 74,6 75,1 74.6 75,5 75,2 7619 77v4 78,5 2,6 -82.-- 7 -58s , 5' .. 0,03,
2500, 0. 74.3 74. 1 74.9 73'9 73.3 74,2 75,7 75,9 78,0 80.0 82.3 83,3 81,3 79,0 78o 7 74,1 or 0, 133,3150, 0. 79.5 79.4 76,5 76 2 74.2 73,1 74,8 73.2 75vi 76.7 80,7 82,4 78,6 - 5 76,2 751, 0' 0 13 2p5
4000, 0. 8519 83.0 83;7 80'2 78.7 78.1 73,5 75.6 76.9 7616 80,4 80.3 80,3 77,8 75,2 74,8 0 0, 134,45000 0. 5.8 87.9 4 -- 7 -6 4 78.8 77,27. 7 .- 4,3 4g-'. ,P- 795 -7; V .'r777 T 7j-7 097. 135.3
6390, O_ 88;5 86.7 88;2 85.5 83,7 81 9 79,5 76.7 7817 779 80,8 83.6 78.6 77,2 74,1 74,7 0' 0. 1 38 1
8000, 0. 85.5 87.4 84,7 84.5 815 79,4 78,7,97 76.9 76 6 A2.-8W 2 --. 777 8 77,i 14, 5 0 $t 0a. 3 ie910000, D. 96.4 87.6 86,4 86.2 83.4 81.2 79,9 76.7 76,1 75.5 79,0 81,7 78,5 76,8 74,0 73,9 0o 0, 139,5

OVERALL 13.8 94.7 95.0 94.2 933 91.7 93.1 93,1 92,7 93,4 93.8 96,1 97.9 96,8 96,9 97;5 97,1 13,8 13,8 149,5PNL 0. 1a8.o 108.3 107.7 106.2 104.7 104.2 .i637 ±02.6 103,7 104.9107 109. 10772 106,i ±o0T2 03,8 . o0.
PNLT 0. _109.0 109.3 18.7 106.9 105.4 106.0 105,2 104.0 10478 104.9 108,2 110.7 107.9 106,1 105,7 103,8 0O 0.

Figure 129.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf
c

COPLANAR NOZZLE CONFIGURATION

O, 1'J,. 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90,0 100.0 110.0 120.0 130,0 140.0 150,0 160.0 170,0 180,0

50, o 83,0 82,0 1'2 83.3 83,0 84,6 85,6 86.3 87.6 88.8 90,1 92,1 93,8 96,0 100,8 103,9 04 Ot 1

63, . 0 4.5 81,6 81.4 81.9 2,.3 84 1 85,2 85.. -4A4 86.9 89.2 -91 2 IT 94,4 9718 00, o , 144;1

80. 0. ,40 81.5 8i.c 81.6 82.0 82.7 83,9 e4.3 85.6 87.1 88.4 90.6 93,1 95.8 99;6 98,7 Or 01 5.4;

-.~100 0. 82,E al. 39.41.2 l elA Zs5a 87. 9. 4 9. n ~ p 74,
125, 0, 821 81,.1 83.4 84'.4 85.6 85,7 87,9 88,8 90,8 91j.7 93,9 96,0 98,7 100 1027 9963 0v 0'148.

160 0. . 2 6 82.8 -85. 6 8.6 5 - 92 94 . 95 96.9 9 .2 99 7 9

200, o. 12.4 8 4 .e 8 8 .7 6.7 87.3 86.2 89.1 909 91.5 930 15. 95.6 7.3 96,9 96.7 0. 0. 146d

250, 0. 4,.1  85., 85,4 85.2 84 7,0 87,3 87.0 88.5 89.8 91,8 93.8 95,1 96,8 96 . 942 0 _0 _1 1

315. C. 84.6 86.8 87.2 86.7 85.8 87.0 88,4 08.8 90.4 91.8 2.9 5.0 94,6 95.5 95,4 93.2 0 0 145o§

400, 0, 85-3 86.0 85,5 86'.1 87_9_R93__8 0 9_2 901 9l.0_ 92.9 93,6 -5-3t 4i7_ 94 , , a_144s
500, . 3.9 83.7 86.4 85.7 85.4 87,1 86,F 87.2 88o3 89.1 92,3 92.1 93,0 94,7 94,4 91,0 0i 0 144,1

630, . !. 2 3_ _83, 86.-1 Q5A. b 587 P 36.9 88.2 89.5 91.,4 92.3 93,1 9?44 931 89r9 O, 0_ ~A J

800o, ni.6 82.9 84.P 84:'7 83.6 85.3 85,7 85.7 87;7 89'3 90.7 92.6 92,7 92,9 91,9 88,3 0O 0 1432

.1000, 0 01.8 82.13 81 828 3_2.2 852 ,9 86384 1 7. 89,5 9,5 9 ,3 94 90 15 86,9 0i -- , .41;s

1250, 0. 78.1 79.9 81:6 81.4 81.6 82.5 84,2 63,5 8442 85.4 87,3 89,5 89,4 90,2 88,6 85,5 O0 O0 140*4

1600. 0. 780C 78.6 81.0C 820_ 1..5 _.
2  83,1 83.6 84. 85.2 87,9 88.6 88,5 89,j 8717 85,7 p1 -a-.4

2f00,0 0. 6 82.4 84,5 835 62.4 84.0 83,0 85-2 86.0 86.1 89, 88.7 89.7 88,4 86,9 84,5 O 0 5 .. )0

2500, 0, 3.5 83. 83.482.5 0.3 8.2 83,8 83.2 85,0 86.2 87,3 88.2 88,7 6$8,2 87,1 82,7 0, 0 5_._4,0,2

3150, 0. 85.2 85.5 84.7 85 -82.2 8 L 82,9 81.0 82A 83.0 87,4 7; 84,8 87,3 85,o0 82,8 0, 0, 139,5

4100, 0! 9.7 8P.2 80.8 87.7 87.. 86.2 3,0 84.9 85.7 85.2 87.3 88.2 88,2 86.7 84,4 83,5 01 ot-A- -

Oon, o. 0, 3 9.9 87. 8 83.7 83,1 85,6 82.882.3 83.3 843 3986.3 85,8 85,8 80 81,1 0. 0. 1407

6300, 0 900; 88.9 89.7 .87.7 85.6 83,8 83,7 81.7 84v4 83'2 84,7 85.5 84,2 84,3 81 8 81,7 Q ~ .

8o000, . 6.3 88P.4 85.4 866 82.1 81. 82,0- 5-1 81.4 825 82.7 85,4 86.1 83,Y 3,3 80.1 0 0 1

.0000. 0. 5.2 86.5 85(,6.0 8.2 80,1 80,1 79.4 
8 1r6  82.5 87,51 90.1 86,3 84,7 81 7 80,8 01 0__1,8

OVERALL 13.8 18,7 99.0 99,1 99.0 98.2 99.0 99,7 99.9 101 4 102.'4 104,3 105.9 106,9 108,6 110,0 109, 13,8 13o3,1 5_1 8

PNL 0. 112.5 112.7 112.7 8 1 112 9 110.9 110i. 10,8 110.8 l.12i0 112,4 114,6 11T-l5 .8 116.1 115,5 113,4 0. 0,

p 0, 114.3 112.7 114.0 111.9 112.3 112.1 110,8 111.8 113.0 112.4 114,6 115.7 115,8 116,1 11515 113,4 0. 0.

Figure 131.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 607 Nfc
c

FULLY SUPPRESSED WITH HARD CORE EXHAUST CONFIGURATION

0. 1,0o 20.6 3p.0 40.0 50.0 60.0 70,0 80,0 90,0 o.000 120 120,0 130,0 140.0 158,0 160,0 170;0 160.0
FR£E aNL

0 , 748 73 73,7 7672 74 4 754 75, 2 762 789 796 83; 80.2 8 900 O3iS 844 O4 0j 1 214

63. n: 19' 7n.7 6.97 7n 4 7n.7 74.1 72,9 7t.9 2.6 2 5 73.9 74.9 75.2 95.8 9717 78.9 - o n. oi 0
80. 0. 69.8 69.9 68;3 68'.'4 69.4 70.1 70,3 705 716 71:9 728 74-1 74,5 V5.2 76'9 76.6 aO o. 5 ii,9
0inn. n: 7n 69.6 71 79' 74.A 7.2 76.1 77.0 779 78.8 79 5 79.3 80.5 80.3 .l7 78.8 Ai; . 54 .

10251 a 72 ?4. 765 78"9 79. 4 R2.4 86,5 828 3 y4  0830 81,4 63,8 83,9 .2 BQ7 g$ 0. W S~I
16. p! 3 !4 74.8 6, 7'478'7 79.9 81.2 8012 S0.5 81.0 Si 2 81.5 82.2 0118 97 79.2 Ja a, i3s.9
200. 0 75;2 76.2 75;6 76:6 76.7 76,5 77,2 75.9 77,,3 77.4 78.1 78.2 79.0 79.o 77,2 78,4 01 0 0~o09
250. n. 75,n 74.9 74.4 7279 73i5 74.1 73.7 75.2 76,5 75,9 76,8 78.2 78.7 77.2 767 76.6 . o.

015. 9; 75q3 75,2 74 5 74'3 74O 74.5 75,4 76,7 77y6 77.8 7849 401 80.2 s2 76 '76,5 Ot S l8
400. D. 73.7 74.5 7318 7273 73.l 7 .7 73.8 74i3 749 76.4 772 77.5 Z8.6 78.8 i89 76.5 ,i n.

500, 0. 71.6 73.0 74-2 73'2 72,5 72.9 74,0 73.7 74,6 74.7 76,5 76.7 78,3 9.,0 97;4 74,7 0 O,. 129s
63n. n" 73.2 73.1 74.3 73.71 7 .9 79.8 72,9 73.3 74,5 75.7 78.n 79.2 80.6 97.9 95 73.6 n, n. n .
600, 0, 33 734 739 72' 734 38 746 74.7 75,8 769 86 2 81.7 81,0 6*3 7519 72,9 0o 0o ii4

1000 0. 7i 4 72.1i 72.6 728 73r4 73.2 74.9 74.9 7610 76.3 787 80.7 80.0 75,7 94i3 7. 5
1t50, 0o 6918 70.4 73 4 7J14 72.1 73.6 74,5 74.2 75.5 75.2 77,0 78.6 78,2 741 73'4 72,4 Oi 0. 129 4
.600, n, 70.5 7.5 74,5 75.0 72.9 73,4 74.7 74.3 74.4 75.8 78,0 79,0 78.3 74,7 727 72,2 Of 0, 1299
200o, 0, 98 7, 8278 78,1 76,9 78,1 76,8 75,7 77,9 83 81.0 82.0 745 741 0 5,
2500,, 0., 72.6 73?8 7476 73.4 74.5 75.1 75.2 77k6 795 82*4 84.9 82.8 77*8 7?8 72.8 af n, II,8
3150, 0. 74:1 73.6 75,3 73:1 71,3 70,7 72,0 72,7 75v9 77.1 80,4 83,4 81.2 78 74'13 7414 OD 0 152,4
4000, 0 80.6 78.8 79;2 7874 76.4 74,6 74,6 76,4 77,0 80'8 84,5 85.3 85,3 81,7 972 74.9 i 0, a56,
5000', 0# 80.9 83.3 80;3 7877 77.2 75,4 76,7 75.7 76w8 78.0 8116 85,1 81,7 95 76o5 73,5 O O, 1851I3
6300, 0-. 851 83.8 84'5 83'3 79ga 78;3 77.4 76.9 8111 83:6 87A 90,3 86,1 14,7 80'3 77,4 as O, 110
o000, 0. 82,9 84.6 83,1 82'71 78.0 77.1 76,2 75.7 76,1 76;5 81.7 84.6 82,4 80,4 775 73,0 0 ,0 137,2

10000, 0, 85.1 86.4 84:9 8577 82,3 80.6 77,6 74.4 75#2 74.2 782 81.5 79,4 77.6 73.4 71,4 Of 0. 138,6

VVERALL 138 91;8 92,3 92',0 92 90id 900 912 904,1 91 2 92'1 94#5 96,2 95,. 93 1P 9 90,8 1,, 13,8 17,6
PNL 0. 105.0 104,8 105.1 10475 102,2 101.4 101,7 101.7 103;4 105';1 08,2 110.3 106, 106,1 103,2 101,1 0. a.

PNLT 0. .d73 106.5 107;6 107:6 103.8 12.3 103.0 102.4 i4 2 10671 1093 111.2 109.? 107,1 103,7 101.7 0. 0O

Figure 132.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 707. Nf
C

FULLY SUPPRESSED WITH HARD CORE EXHAUST CONFIGURATION

0. 16.0 20.0 30.0 40.0 50.0 60.0 70,0 80,0 900 100.0 110,0 120,0 130,0 140,0 150,0 160,0 170.0 180.0

50, ; 13'0 72'7 12;3 735 7219 74,4 -7,5 760 T77 778 MD? 8jf$ 02, 03,0 a 6 80o O o, 3 1
63, 0 75,4 73.2 7407 75. 75' 76.6 76,9 76,2 774 793 7949 8 0 8A f2, 84 6 864 0 3
80. 0. 73s6 73.0 71,5 7174 72i7 73,9 74,5 74,7 759 7767 78,2 801-2 81,2 82i5 84 6 84o2 07 0o 1i9

ion, n . IT 73.3 74.1 7;3n 778 7A.9 79s7 80,9 81 tp 8,6 842 853 86,6 87 4 856 o
125, 0. 75.9 822 845 82 2 8505 92,5 9 91i 1 6 86:7 8042 89. O, 89 t .8 1

160n. n. 14'5 79.4 817 8P9 863 a.8 88A. $. 1 859 85i 871P 87iA 874 8$8p s8 88 6 a, 16 fi 1
200, o; 77.8 79.7 80(1 8077 80.8 80,9 80,3 81,1 8192 81''7 829 83,9 84,1 84,2 82,9 8309 07 o 1 $16
50. 0. 78;1 79.2 78.4 7776 79.n 79.7 80.0 79,8 79 8 e3 82 82,9 83,4 03.7 82p7 Sa? 0 no 4

315. o0 76;9 78;9 77;9 7776 7870 79.0 8015 814 81V4 82.5 83i, 85, 8 843.8 8p;3 80,9 Q# 0 &
40n. n 16.a 71'P 77:9 7974 7. t i 78.9 M8y 794 6ae . 828, a 6 2 826a5 0ea O, O's 4
500. O 74.7 76.4 76;7 75'4 76.0 77.1 77o5 78i5 78,9 79"3 81,3 81.9 82,9 829 8!)9 79.7 Do 00 i 6

63n, n 765: 76 1 77"4 7574 75,8 7~.2 77.1 77.6 788 8an' 82.f 83.6 84.1 8$2.9 608 78 3  nv n.L .t
800. 9 74.4 76.4 76'9 7672. 76'i 77,1 77,2 77i, v8,6 60 15 4 85,9 83 8.1 8$,0 71.9 0 .(

loon, f; 1214 74'4 754 749 75 76.9 766. 779 T9 ! 844 8 A 799 6 7n OT a
1250, 0 71'0 72.4 73.7 7379 7413 75,3 76,1 76.3 77,4 779 799 82, 7906 87 771 768 0 0 I
16nn. n F II 745 75 n 74. 74J 7A .1 7,65 77. 761 7 3 8n.9 t8. 790 8.5 .4 76. m
S2000, 26 72.9 75'6 578 736 764 75,5 77, 7v -9M 82 3 82oS 8198 7 70 16 *0 3

209 8 74.5 753 75 7 ? 7? 77.0 27A 80.4 82 4 8415 863 82.5 0O.i 07 ? n9 at 1.
3150. 0, 77.9 78.0 784 75;3 74.8 73,8 75,1 76,0 786 80'2 83#4 85,9 82,1 $0,1 77 8 7706 0 0of 15;
4000, 0; 84;5 82,5 83.3 81~7 79.7 78,4 77;4 79,5 80j4 83.7 87,4 88.1 87,0 04. 99 779 al Jj4
5000, 0o 84.4 87.8 83;8 83 5 Bie 80,3 80,3 789 79,4 80,3 034 86-7 32 -- ' 9 76 0 .,s 0
630o, n 8a.8 86 .1 87:S 8670 83.5 8.2 80.8 80.8 8315 Q48 813 884 84'. 838 99;1 '786n ats A 11
8000, 0. 5. 1 86.6 85.5 -8472 81.3 81 0 80,3 b81, 819 83.2 88'6 91,0 8886 86,7 82,4 7902 Oi 0 142O

.0000 o. 85.3 87,4 86.5 8672 83,n 8i.6 79,4 77,6 79,T 77'8 82g 84's7 52 8109 778 7547 Ot Of 1101

4SRALL 13;8 93 9 95 0 94:8 939 93r 3 98. 97;3 9 6 9 95'9 98i 99f 9,tl. 9768 97 6 196 4 0t8 Mi:_3.lI
PNL o0 167.2 108,3 107 8 106.7 105.3 104.9 105,1 105,4 106v5 10870 111,0 112.3 110'7 19'940 186 5 104,9 O O0
PNL 0. 168;4 109.4 108.9 10677 106.i 106.5 107,0 107.0 10717 10911 112i4 113,0 112:1 110i't 187,2 104,9 0- 0o

Figure 133.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

FULLY SUPPRESSED WITH HARD CORE EXHAUST CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90,0 100,0 1 0,0 120,0 130,0 140,0 156,0 160,0 170,0 100.0

. 0, 6 765 76.2 755 7770 76,4 77,6 79'0 $0, Si3 81,7 834j 85i3 667 88.0 93 94,9 0 A i 7
__63 7.6 79_3 76.4 6 6 77 ;. 6 78.9 79;3 83 8i 83 8481 85,8 07,4 90,2 9262 6 70, 1 ?12
80, 0. 772 72 76.2 75;2 756 76.4 77.3 77,7 78,9 80.2 80.7 82i5 84.8 86,4 8813 908S 89,7 0 0, 157,90

100. 0. 76.6 76.3 770 79:0 80.9 81.5 82,7 83.8 84Y6 85.5 87,1 88.6 89,8 91,2 93;1 90,3 09, a C AR
125. 0. 78.8 80.0 85.2 85.4 87v9 88,3 -89,3 $91 88;5 90.2 91.4 91,8 92.9 93.5 94v4 91*4 o, Os 13 8

-_ .... 8. _ _85.7 8674 87, 88,8 88,5 88i. 8805 89. 4 9j1.4 91,5 92.1 92,4 92.4 89.5 01 0. 13,2
200, 0. 80.9 83.3 83,1 83.5 83.4 83.7 83,5 84,2 84 6 86.1 8748 88.8 88, 89,5 88,7 88 . 0~ 0, 189;9
_ _0_j 0 l.j1 831. 816 81 .'8 8 2 8 .5 82.3 83.0 841 86.1 87,0 87.2 88,3 88.5 87,1 86,8 . a ±g
315. 0 79'5 81.5 81 0 8077 814 82,7 83,4 842 85,7 858 87,2 88.9 80,1 877 857 i

__4 .. . 8_. ,2. 2 79'6 6801 81,6 82,6 82.8 839 84'.4 86.1 86.8 87,2 87t4 87.2 84,8 Or 0,. 18,
500, 0. 78.6 79.8 81j9 80:5 80,0 81,0 81,9 82.3 83.1 84.0 86,0 86,7 86,4. 87,9 87,5 84,3 O' O 1e8
6 30, __- __1o _8.0 81.2 81'4 80,9 81 .9 81.2 82.7 83.7 84.3 8614 87,6 87,5 87.5 856 84,2 O n 1. I
800. 0; 76 '9  79.0 81 3 80"0 80,0 80,9 81,0 1i5 838 8474 8710 89,0 86,6 '85e9 85#2 8 2,8 D 0o 1~4

_J_0 0: . 49 _791z 82_7_8_ 9 78 9 78.4 79.1 80, 4A *2 8210 82;9 84,9 86,9 8418 1846 53-7 80,4 o o0EL 1
1250, 0. 73.9 75.4 77.1 76.6 77.3 77.5 79,0 79,5 80v5 81.1 82.7 84,5 82,7 83.4 82,9 80,4 OD O, 1,502
_00 ....... __ 7;.3 6 792 767 77.7 78,4 78,7 78,9 830- 80.7 83,0 83.6 83.0 82.9 81.7 ' 81,0 0 3. 5
2000, O. -776 78.4 81,2 79;1 78.4 79,5 79,2 80,4 8Oa7 832 85, 84,4 8;88 834 4 814 O 0. 1f ~ 5

_25p00 . . 0. __78.0 79?2 ?78 7875 77.8 79, 0 7917 79.9 24 845 869 7. 84 828 826 8 789 F O2 78,9t
3150, 0. 62.7 82.8 82 5 79.i 77.5 76.3 77,1 79,3 817 83.4 86,2 87,1 83,1 82,9 80 8 80,1 O~ , 157,4
4 009. 0; 86.3 85.5 86 . 85.2 82.9 8.0 81.3 83,1 84;0 86.6 90,2 89.4 88;7 86,4 82 9 81,1 01 1 4
5000, 0. f5.9 89.1 861 85 .'3 84.3 83.5 84,3 82.1 82.6 82.5 854 894 85,0 3,5 82,7 79,5 0, 0o 140 3

._A300, O __. 9 87'.8 888 _8,72_84_ 830 826 86 85 8 _7 80 88,7 84.9 84,0 8i;a 80.0 0i , JL17
8000, 0, 85.6 58.4 86,6 8575 828 82.5 82,6 83.5 84.8 85.4 89.0 90,6 87.4 85.2, 82j4 79.8 Ds 0. 113p0

1009 ... 5... .5 _87 5 7,L 85 9 82.9 81,2 80,0 79.5 82,2 81.8 86,1 90,1 87,2 86,9 82t6 79,7 0 43al

OVERAL. 13'8 5.7 97.0 9 9.3 9 96.2 96,5 96,8 97.8 988 0,9 Ai02i0 10. 101 7 102 1 o,0 l 18 s8 , j
PNL 0, 109.3 110.5 110.0 108.9 107.7 107.6 108,0 10852 109.5 111.0 113,8 114.3 113,1 112,1 110j5 108,7 0l 0.
PrT.. 0. 1 9.9 110.5 110.7 109'.9 108.4 108.1 108,6 108.8 109.5 '12.2 115,3 114.3 114,6 123,2 110,5 108,7 Oi O,

Figure 134.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf

FULLY SUPPRESSED WITH HARD CORE EXHAUST CONFIGURATION

1u. Ij.U 20.0 30,0 40.0 50.0 60.0 70,0 80,0 90,0 100.0 110.0 120,0 130,0 140.0 150,0 160,0 170,0 180.0

50, 01 81.0 80.7 80.0 8t7 81,9 82,5 84,0 84.5 85,8 86-5 88,8 90,8 93.2 94.4 99,6 102,6 0, O, 15,2
S63, , .5 81 _ 81, 82.____2 834 83.9 .850 85';7 88,1 89,4 9 M_ 932 967 982 O. ._... 0_,2_8
80, 0, 82.5 81.4 81.6 81'7 83.7 84.7 83,9 83,1 84,3 84.9 87,5 89.6 92.1 93,8 97,1 96,2 0- 0' 142,7

;L0, _- 82.4 80.6 80.6 82'.1 83,1 83,.3 84.8 86.3 88.2 89.5 91,2 93,4 95.2 97,5 100,4 96,8 01 4. 9 ',7
125. 0. R±-2 81.6 84.6 86"6 87.9 88.4 90,5 90.2 92.3 93.0 94,5 96,2 97.5 99,2 101,0 97 , 01 0 1I790
1_60I 0, _3_2 _866 886 912 91 92 7  92,4 91,7 92,8 940 95,7 96.5 97,7 98,4 98,9 95.3 Of _ ,1 8
200 0. 94.2 86.9 87,7 8..6 89.0 88.7 88,4 89,5 90.1 91.7 93.1 94,0 95.1 95.6 94,9 93,7 o0, O 14515
250, -L__, 3.. 33 84.6 85. 4 84 "7 85.1 85.7 86,7 86,4 88.8 90.4 91,8 92.5 94,3 94,3 93'7 92s2 0f O0 144j0
515. 0, 81.9 84.0 84,0 85'.3 85.1 86,0 87,7 88,5 89i6 90.9 92,1 93.9 93,4 93,1 93.5 91,0 0o 0o 144.2
-_ 0_ *13... 31..8 8&:3 86,3 88.8 88.5 .86,8 89,4 89.7 9 0,7 91.4 92,3 93, 933 90,5 0 . _ _ v 43-
500. 0. 82.6 83.5 86.9 84.5 85.4 85,7 85,7 85,8 87.5 88.9 91,3 91.3 92,2 92,9 92,5 89,5 04 0, L4310
530, O 81-82,4 85;1 839 83.9 84.7 85,6 85.6 87.2 88.2 91,0 91,7 92,2 92.1 90;6 88,9 Op Q, L42iA
1100, 0; 00j0 81.8 835 8374 83,4 83,9 84o7 85,2 8713 88.0 91,3 92.0 91,3 90,3 90q2  86,9 0 o Lt 23

10Q._O 0, 79.2.1.6 ~819 1_ 4 81.8 82.3 83,4 83,3 86,0 86.9 89,0 90.7 88,9 88,8 89,6 85 4 _! * LOt_
1250. 0. 77.0 79,1 80;7 8174 81,1 81.2 82o9 82,9 84,8 84.7 86.7 87,9 87,7 87,8 87;9 85,7 00 O0 L39,3
1600, , 77*1 78.0 81.n 8o05 80.7 81,0 82,7 82,5 85% 84.5 86,3 86,5 881 87,7 878 85.3 0 0L 9

2000, 0 87;4 81.6 84;1 8371 82.1 82.8 83,8 83,8 86.2 86.1 88,8 87,1 89,3 88,0 8718 85,6 0i 0 1 0,6
2~0 _0. 81. 6 82.6 82.5 8370 81,9 82,8 85.0 83.6 88,7 87;4 89,7 89,2 89,7 87,2 8814 83,9 OP .__A_, 1t99
3150. 0. 04.9 85.0 85.8 83'76 80.8 80.4 84,3 81,8 88,4 84.6 88,5 88,1 88,8 86,0 6874 84, 0" O Lg308
4A~p4 881 87.3 89;1 8876 86.4 85.0 86 4 866 898 89. 3 9, 9, 92,6 88,7 87!9 85,0 0o a LOJ4;
5(000, 0. 6.9 90.3 87,2 8775 86.2 86.0 87o7 84,7 89v6 86.0 89,8 90.8 92,7 86i0 88,6 82,5 01 O, :13,9
6,.L,A 94 4__9._87-7 89 4 88,6 85t6 86,0 87.2 85,2 90.9 88'2 92,0 89,9 94,3 87.4 88:2 84.5 0_0 4 _ 3
8000, 0. ,5.5 88.2 86,2 86'.9 84,0 85,3 86,4 87,7 90,8 90.4 93,6 91,8 95,8 86,6 90,2 83.5 O 01 :L47pt

10000. 0. 84.4 85.6 84.6 86.'3 82.3 82.4 84,4 83,1 90.0 88.6 95.0 96,2 97,8 91.8 92,9 84,9 Of O. 19_,7

eL!_138____ ._8988_5 99,1 99a4 98,9 99.6 100.4 100,2 162.7 lo029 i05, 106,0 107,4 107,0 188;6 107,3 1 13,8 IB ,4
PNL 0, 111.3 112.1 112.4 11272 110.9 110,7 112,1 111.7 115;0 114.5 117.2 117.0 118,5 116,0 116,4 113,4 0. 0o
PNLI 0. 114n0 112.1 112.4 113;2 111.5 111.7 112,1 112.8 115.0 115.8 117,2 117.0 118,5 117.0 116,4 113,4 t0, 0

Figure 135.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nfc

LONG INLET CONFIGURATION

0, 10.0 20.U 30.0 40.0 50.0 60.0 70,0 80,0 90,0 100.0 1f0.0 120,0 130.0 140.0 150,0 160,0 170,0 150.0

----o , 699 7.3 70,5 -0 74.9 74,8 73,0 73.1 738 75,6-77? 79. 9 81,7 79,4 82;6 81,9 o O, 130i6
S 0__. 71. 8..,71.3 9 __ 71 71 .1 73,0 73,1 73i2 71;8 728 74,9 759 4j44 78~0 78,7 0',  a- it26

80, 0. 70,7 70.2 68.6 0 70.7 70;7 70,9 70.7 71#9 71.4 72,7 74.5 75.2 75,4 78,3 763 0, o 116,2
_A100...._0 70.8 70,2 .2n, 75.'n 76.2 76.1 78.0 79v1 77.7 78,i 78,8 80,9 79,8 82,0 78,06 O,

125, 0. 73 1 73.6 75.9 0. 82,5 82,3 82,4 8355 855 -821 82,1 82,2 839 83,8 8410 81,0 0. 0. $16,0
__16 .. 73. 0 74.5 .77.0.. 8014 . 814 811 81f 81i2 81 0 . 81 .9__ 3 8,5S 80 8 797 O _ 4-.
200, 0. 75.0 76.6 76.9 0' 78.1 77.1 77,0 77.1 78,0 77.8 79,0 80.1 80.7 79,7 77s7 77,7 0, 0. 131,6
2500. . 75.9 75.3 7_,1 .0 L.44 743 74.3 74.4 77P 756 76,2 76.9 78.7 76.9 77;0 77 0 0 , .4_ 9 6
315, 0. 76.8 77.3 76,9 0. 76:1, 75.0 76,0j 7,1 77*9 77;0 782i. 80,2 80,7 77,6 77j7 75,7 O, 0. 13112

.... , 78..1 79,4 __78,9 0 760n 76.2 74.9 76.0 76r 75;'9 76,9 77.0 79o9 78,6- 78,8 75, 04 -___13407
500, 0. 78.0 79.2 81.0 0. 75.9 75.1 74,8 75,2 75.8 74.9 76,8 76.7 78,6 77,5 77,5 74,5 Of O. 130.5
3_ .. 2 4 .80, 827 7 773 75,4 75,1 74.5 75.4 75'9 773 79,0 80,9 77 75,9 74,2 4
00. 0. no 81,50 . Bo08 0. 78j 77.3 76,0 75.4 760 76,.7 790I 82.2 82,0 76- 751 7308 0 O. 13214

1000 0. 83.4 82.9 1.2 p 7914 78.6 77,4 76,3 76,4 76 2 78,4 81,4 79 ?5 0  75,st 73,, 0 D . _ L32 5
1250, . 92 2 91.5 '2.9 0. 87,2 88.2 84,4 82.3 8114 79.3 79,3 81.3 79,8 76,9 767 77,8 0, 0, 139,4
__a00, 0 . 0*60 85.6 .2 81 81,3 78.4 78,3 76.3 76.1 7 8 ,1 7 7 74.6 74;1 73,9 09 0, 1411
.2000. 0. 842 84.7 86,1 07 80,7 79,4 78,2 78.6 76,5 77.0 79,4 78,1 81,0 76,9 7541 74,2 Ou 0. 1%4it

_00, .O. 89p0 89.5 88.8 0 ' 85, 84. 82 2 77,9 7187 78.7 8,7 81.0 80,5 6. 76 4 7 28 6. 01 .i 72.
3150, 0 84.3 85.8 87.2 0: 81.5 80.6 78,1 75.5 76.1 74.2 77,0 81.1 78.7 74.9 73,8 73,9 0- 0o 134,6

__0.0 0 ... 0. j- 2 86 6_39 _8 10 85,3 77.3 80.3 77.1 75i2 74.7 77.2 77,8 78,6 75,5 74e6 71,9 .l 0~~ t._.
5000, 0. 87 2 88.7 87;1 0;"  83/5 83,6 82,4 76,2 75-14 73.0 75,3 76;1 75,1 73,7 2-9 71,9 Oi 0, 136;2
_30 .. ... 853 a__ 89 _ _6,1_ 8. 6 80.6 _78.5 7 1 774 8_ ,6 83 81i1 78,0 976,2 73 ,1 o_ __ i _1
8000, 0. 85.5 87.8 86.2 0' 83.0 79.7 79,5 75.4 75.5 73.1 78,3 81,5 79,2 77,0 74,0 71,2 0, 0, 13701

_10Q00. O ..... -82,3 _. 4, 2_.4.-3 - _ 81.6 78.7 78.5 73,6 74v3 71,3 5 77.2 7_,9 74,0 7240 69,0___0_ , _1 0

OAVERAL 13,8 98.0 9?3__. 9 9_13' 95,3 94.3 92,8 91,5 91.8 907_ 92293 91,7 919 90. _ 1 88 _&1.8 Be3
PN- 0. 111.1 111.5 112.4 0' 108,7 106.8 105,6 103.0 103.1 102.5 104.5 106.2 105,5 102.5 101,9 100,3 0. 0.
P T 0-. 113.6 113.9 115.5 0. 110,9 109,6 107,7 1 1046 104,8 103:5 105,2 107.0 106,1 103,0 1019 1011o7 . ,

Figure 137.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nf c

LONG INLET CONFIGURATION

0, 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 9d0,0 1 ,o.o 110.0 120,0 130,0 140.0 150,0 160.0 170,0 180.0
FREQ , N
50, 0. 75.6 75.0 75.2 76.5 74.6 74;5 75,0 75.5 76,7 76.7 79,1 80,1 82,3 83.2 86,2 88,5 Or 0O. ,31

63, 0, 79.2 74.2 76.9 7_0 _76, _~5. 759 75,7 76, 77.4 793 .80_ 820 21 838 85 _..._ _-$20p

80, 0. 77.6 76.3 75.3 74. 8 74.8 74.3 74,3 75.1 75.7 76.2 78,4 79;7 80.8 82,0 83,9 84.3 0. 0, 131i$

100. 0. 76 7 75.6 77.6 7M.9 79. 78. 9  79,1 80,9 81i4 82.2 83,7 84.3 84,9 86,0 87,5 85p4 0,* _136_ U
125. 0. 79.2 81.8 83.9 8 8.6 7.8 92.0 92,2 91.6 87,9 87.7 91,7 90.4 88,9 88.7 90.9 87,9 0. O, 1431
160, 0. 77,1 81.3 823' 841 84-46 __8 8 T7 4  87.4 85 9  84_88,2 87.8 8_7, 87,4 867 85- 8  0 ... - 140

200, 0. 78.9 80.8 81.6 81.9 82.7 61.9 82,0 80,8 81,4 82.2 83,7 83.9 84,9 84,8 83,0 83,6 o 0, 136i5
250 , 0 78.5 80.4 81 2 80 9 81,5 R 79,4 79,8 80.3 800, 8_.8 82,3 82.5 84,0 83,3 82,1 81,7
315. 0 78.5 79.4 81,2 812 81i2 80.4 81,0 82.1 81,7 82.8 84.0 84,9 85.0 83,6 82,1 81,2 0. O, 1612

400, 0 79.6 81.3 81.3 81 _ 82 0 !_ 4±0 1*0 80,6 80.7 82,7 82.1 82,9 0235 82s I 8$ 3 5. 5
500, 0. S0.5 81.2 85.4 81.5 82.6 79,2 79,1 79.6 79.4 80.1 81,8 81,8 82.8 82.9 81,8 80,2 0 0. 1 512

630, 0. 90.9 81.4 5. 81_ 4PO- 4 78,2 77,7 78.7 7899 80.0 8 ,7 82. 839 82 8 07 8a 5 7 9 ,5 0 n. _ 9~8

800, 0. 87.2 87.5 83.9 85.7 84.4 80.2 79,3 78.5 803 80 .6 83,2 85.7 84,0 8017 8011 78c2 Oi 0O. 116

000. O, 91 864 84. 831 8822 8n1 78,7 78,4 79,0 80.0 81,7 84,4 81.2 99,6 79,5 769 1
1250, 0. 86.8 87.5 89.0 84:7 85.0 83,7 81,9 80.1 7 8~4 78.8 80,3 82.7 80,0 78,7 78,1 77s5 O0 0, 13717

1600 . 06.4 98.3 949__97.2 96.4 98.9 93,2 88.7 86 82.7 84,3 85.8 82.8 81,8 81.2 82,3 00 a _ 1
2000. 0. 86.9 87.9 88.6 86.4 842 83 .~ 8113 60,.1 778 79.3 82,2 79,9 8,4 79,3 77,6 77,9 0 0 137a4
25oo00, 0. 907 90,2 9 8 5 ,28 59 36 821.3 789 80-4 8122 83,.1.0 79,3 78t3 76.1 a, _n 1 9
3150. 0. 90.5 94.4 93.7 91;0 87.9 88.5 84,2 83.2 8312 80.2 80,9 84.1 81.2 78.6 7830 79.5 0, 0 14116

_40001- 0. .92,0 -90,4 __9-2, 7 87.i 8n. 9  82.7 81.6 78 in 78.7 80,7 80.9 81,2 79,5 78.1 75,9 nO a o -~ 3
5000, 0. 91.9 93.7 90.5 91.7 89.3 88.3 87,1 82,3 81T0 77.2 78.6 79.3 77.3 77.9 76'6 76o2 01 0,1 418l

_300 0. _ 89.2 89,4 919 91 7 89,2 87.3 84,8 04,4 8ls4 80.1 81,9 82.6 79,6 78,4 77!4 76,1 0. 0,4 ._2

8000, 0. 87.5 90.3 a9.0 88.7 84.7 83.5 83,6 80,8 79;6 76.4 81,5 85.4 81,8 79,4 76i6 75o2 0. 0. 140o9

9090 D.... 84,4 _6,6 S6,9 87.4 83.5 82.9 80.8 79.2 7794 74.9 77,5 80,4 77.9 76,9 7419 72.5 O, O_ 1391

OVERAL 13.8 1I1.5 103. 102,.1 71-10095 101 .5 98,7 97.0 95.4 95.1 97,4 97.9 97,2 96,6 96,9 96,3 13,8 i3-A L - il_
PNL 0. 114.7 116.4 116.0 115'0 113.7 114.2 110,9 108,3 107.5 106.1 108,0 109.4 107,7 106.5 105,6 105,5 0. 0.

PNLT .... 9.. 117.9_119.9181 111 117.6 119.2 114.8 111.2 1101 107.3 109,0 110,9 108.4 106.5 106.7 107.0 0. 0.

Figure 136.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

LONG INLET CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90,0 100.0 110,0 120,0 130,0 140,0 150,0 160.0 170,0 100.0

s50o. 77 0 76.7 78;0 78'5 78.7 78;8 79,8 $0;6 810 8202 83,9 8541 86,7 883 925 94s9 O0 0, 1i81
L ... 22 __9279;7 78 7 795 792 80S0 79.7 8142 81i9 83.6 85.3 85j6 06.9 90,4 92,1 o1 _O_'__OL

80, 0. 78.3 77.3 79.0 77.; 78.1 78.0 79,1 78,6 80.5 81 4 83,5 84.9 85.9 87,4 906 89,9 Ot 0. 137,0
100781__ 76.1 79,3 79:6 81.6 81.1 81,4 83.6 84y5 85:4 86,8 87.9 90.4 91,0 92 8 91,0 0 0t 1401l
125;, 0. 801 78.6 83.9 8574 88,2 87.1 89,5 885 88, 1 90 0 91i2 91.9 927 93,0 94i6 92,1 0, 0 1 4 3p 6

_10L 8..6_ _. _BbL871 888 88,7 89.5 88.1 8 89.9 9 4 9 1,6 __ U,,4 92.2 92;8, 90, . O _1434
200. 0. q1.4 83.4 83;9 85:3 85-1 85.3 84,1 84.9 85.6 86.6 88,2 88.5 89:2 89,2 88,9 89,0 O0 0. 140,4
-- 0 _ 1 2~ 82E 829 82.' 83,7 84,7 84.4 84,3 83i6 85.7 873 86,8 868i 88,3 87.3 8 8 ,0 - 0 _ 139
315, 0; 81.7 82.4 82o7 84;5 83.0 83.9 8515 85,0 86*2 87i2 87,7 ,88.6 87,? 87,3 8648 86,0 0, 0- 13909
4001__ .49 83.3 81L8 8 8 34 82,1 83,1 83,4 851 85U' 86;2 87,2 87,2 87,2 86,7 84.9 -1 38,8
500, 0. 82.2 85.2 85.7 89.2 89.9 86.2 86,8 87.3 85;9 8586 85,8 87.6 88,8 87,6 8745 84,5 01 a0 14113
630 6_ 6g1 9~2 8 93,4 90.5 89.8 85.6 84,2 839 84i 85.1 86,9 86.8 86,3 88,o 87,1 84,2 Do O 41;6
800o, . 95.1 95.8 94.6 911 95., 93,3 94,1 0,.6 861 854 92, 92 1 8728 89,.3 8958 86,2 Of 0. 141?7

1~0 
4

.2 9. 9>0 884 9 .o 8,7 923 88,2 874 8724 88,5 88,585 8 85 847 83 . 0_ 143.3
1250. 0. 906 93.5 96.1 91.6 87.5 87,2 86,5 86,7 85*7 832 85,4 85.3 83,7 83,7 8311 82,2 0 0o 142v4
1-900o .. c,0, 99 4 2 100- 9 97.4 92,7 91.9 92,7 89.7 85.8 8313 85,7 854 840 84 82, 146
2000. 0. 973 -- 993 105,0 102.0 96.5 95,8 97,7 40 899 851 88 5 86,0 6,6 4 84 85 0
2_.01, .....4.7 ..9 9,_ 4. 91.n 90.3 88,8 849, 85.3 84.6 85,6 84.8 84A3 83,3 83,0 8 _. ....0 - 1438
3150. 0. 93.2 95.2 94.4 92:0 881 89.5 85.9 84.9 84z6 82.3 83,0 85.3 82,3 81,9 80,5 81,1 0. 0 142,9
4_ a 0 _. e 8_. 93.__ 95 7 945 91,8 86.6 86,6 86,4 835 83.4 84,0 84.3 83,8 83,1 82,5 8013 04 0 _. 44,2
5000, 0. 94.3 96.5 93;0 93;8 89.8 90.3 89,0 84,7 84T6 80;7 81Bl 81,8 80,6 81,3 7908 79, 0D, 0. 14470
40 .... 1 9 

9
21 2 94.0 91.2 89.9 87,8 87,1 8510 82.0 83,2 82.7 81 5 80,6 80;5 78,8 0. .0 144j4

8000, 0, 
9
11! 93.5 91, 0  91:8 87.7 85.7 86,4 84,5 837 81.2 83,4 84.3 81,7 80.7 78,6 77,7 0o 0, 143,4

_OO. ....., .. . 8 7__8_ L6_,8i 85.4 84.4 83.5 82.0 81.2 77,9 
8 

0,4 3,8 82,4 81,5 7810 7613 Oi_ 0. 142,2

PyERA ... 18 d5 106.1 1.6A_6±4 .ji3.6 102.4 103,0 100.7 9993 99 2 _00,_101.o 1 1_0b. 102 1 1 1A6 i 8 13.,8__1573
PNL 0. 118.5 119.3 122.3 12013 116.7 115.7 116,4 113.9 111;7 110;0 111,7 111.8 110.9 110.8 110,2 109,5 0, 01
PN-T 0. 120.1 121.1 124.6 122!4 118.9 117.9 119,6 116.1 113;2 111.2 113,2 113.0 110,9 110,8 110,2 110,5 0. 0.

Figure 138.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED.TO STANDARD DAY

150' (45.7M) ARC; 60% Nfc

ONE SPLITTER INLET CONFIGURATION

0. 1j.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 96.0 100.0 10.0 120,0 130,0 140,0 158,0 160.0 170,0 180.0

50. 0. 72,9 754 75;9 7670 76,,975, 73 9 737 76.6 775 79 9 82,8 6 83 49 O 0* 1 9
63, ... 74i 1746 74;2 7J75 71.j 71,8 721 73 i 73 7 0 7 76,1 77p0 9980 79,9 O 0 it 0

80, 0. 71.4 72.5 7215 7D01 70.5 70,6 71,7 71.4 '72t5 73.3 7403 74.5 75,6 77.5 7 7 '6 77,4 OD 0, o i I7
10. 7117 2 727 793 76.7 76 9 76,7 78.0 79 n 788 80,0 79.8 79.9 811 809 79.7 0, 1
125o 0. 72.3 74.9 78.1 7976 81.4 85.0 8914 89i2 86.2 811 86o3 83.5 8412 84,3 83*4 811 Of O0

__ ___0. 730 7Y3 .5 77j 7P2 791j 8n. 819 818 81.1 8 828 2s9 83i8 Ili 79j9 0T n l.4.
200, 0. 75.1 76.6 76.1 77'.2 76.8 77.2 77,2 76.9 77,8 78'9 79*9 80.2 79,3 79.9 77;2 77,9 Qi O, 151i
250, 0. 759 74.9 74;3 73'5 74.8 74.6 74,1 73.9 75.8 75;8 77j9 78,3 88,0 789 770 75,8 0, 12918

315t 0'. 76.1 76.6 7521 74*2 74.8 73.8 75,8 7649 77t8 77;8 79it 80,2 29'&0 78o9 1i00 758 O o 1 8
34 15, O, L Th.f 7 737 2 74,n 7:.7 74.7 750 751. 7507 7718 78.0 78.3 194 t18.0 76,0 st n. h

500, 0, 7157 77.4 78.0 74.3 73;6 72.9 74.7 74,6 74.7 74.5 76,7 77,0 77,9 78,9 76;9 75,6 0. O 1978

610, .__l 1  79.9 79. 76 7 77.n 74.2 73.2 74,0 75t3 752 78,3 79,2 80.2 78.3 7953 74.0 0, no 1u

800, 0. 80.0 81.7 81'1 7772 75.0 74,8 74,8 74.1 75 2 77'.1 80t 8342 Bt ?6,9 94'9 72$8 Ov Otr $8
2,'L_9 2.5 29 n4 7673. 76.n 759 74.0 75.0 76vn 7672 79i0 81.4 79.2 f5 9  94i0 2 . 43

1250, 0. 91.2 90.8 89.3 84'6 85,2 81.9 81,0 78,2 77,;0 77'.0 79,2 80,3 78,3 77,2 75i1 7406 D0 O, 137;1
1600, 0__0' _3 - 4 84.l 7924 79.1 77.0 75.9 75.2 75tn 74"8 78.2 79.3 78.1 75.4 729 72.9 n p. n 5

2000. 0; 44 83.9 83.2 805 78 2 76,0 77,3 77,0 76T0 76.2 8014 7683 00 76,3 73j3 73.3 0l 0 s$3 4

___0 _ -89 _ 89 868 847i 81.7 7W4 78 7 74,6 766 77 8 809 817 .0 7646 73i9 77,5 a p. 176i
3150. 0. 55*1 86.1 84.1 7976 78.0 76.1 73,2 73.9 74,0 73.8 77"0 80 74 77,3 49 20 72,9 0 0, i33;2
400I0, 0 86,9 85.9 87,2 82 5 819 75,0 76,8 73.9 72 8 73.6 780 78. 7680 77.1 73,2 70.6 0 . .94

O00, 0.- 88 4 88,9 85.5 8476 80,2 80.1 78&0 74,4 739 722 75;8 76i0 73,1 39 11; 70,2 Ot , 1
900. 0 8 884 859 5 796 772 77 81j6 84 806 6 3. 72,oj iidk

5000, 01 86;3 89.0 85.4 8~79 81e3 77.5 78,5 76.4 75v2 73'0 78,2 81,3 78,5 78,1 73,4 71,0 O 0, 187;4
10000. . 43 86.1 84.6 83'6 82.0 80.3 78.1 76.2 73 4 72'3 7514 78,1 76,4 75.4 71;2 69,4 n; ni D_7

OVERALL 13;8__91 98_B 9 2 943 93.3 9),1 93.1 92,5 91.4 9n'5 93.6 94,3 93.4 93.0 9 90.9 1 t 13,8 i842

PNL 0. 111.0 111,6 110.4 107'5 106.2 104.4 103,3 102.1 101.7 102.0 105,2 106.6 104,6 103,4 100,6 .99i6 0i 0O

PNLT 0. 113.4 113.9 112.7 109'7 108.7 106.2 105,3 103;6 102,8 102.7 106,0 107.6 105,4 103,4 10111 99,6 Of 0,

Figure 140.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nfc

ONE SPLITTER INLET CONFIGURATION

0. 16.0 20.d 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100'0 10.0 120,0 130,0 140,0 150,9 160,0 170,0 180.0

150F O, 745 74.3 74,5 75 6 74,2 76.0 75,7 77.0 77v2 7572 79,5 82.2 83,5 94i1 87 5 89,6 Ov 0, 14y4

60, , 77 7 75,0 74. 1 75 2 75 4 76.7 7741 77,2 77t 78;8 81'4 82,6 820 .3,5 5,7 87'4 Ov 0 38

80. 0 75,6 74.1 74,0 73.8 74.0 74.8 75,0 76.0 76v0 77'5 79,J 80.7 82,2 83,9 8515 85.1 Oi 0, 132 18

100, 763 75,4 76'1 77:4 78.6 79.6 80,4 81,7 82t? 83:2 841 84,7 86,7 87,4 88 7 86,9 0, 0±. ,1a0
125, 0. 772 81.9 82.6 8279 86.0 93,2 898 87 1 91,5 90,4 90.7 92,2 8987 08 0. 1R47
_160, __. 6 801 8. 83783 84*2 88,.4 89,7 88a4 86;7 86'9 88 M 88;7 809 88,9 $Oil 87,4 0 0 __ 1411
200, 0. 79.3 82.1 81.3 8276 82;3 8j.6 83,7 83.5 82,5 84'0 84,4 85,8 85,9 86,5 84;4 85,0 0- 01 13 7 j5

250. ; 79, 2 80 8.02 8074 79,n 79.2 719,5 80,3 80-5 82.8 83,5 83.6 85,0 84.5 82-7 83,3 0, , .
315, O. 78 7 80.7 802 80.4 80,1 80,2 81,4 82,0 823 84.3 844, 85.9 8e 0 4,0 832 8197 O 0, 13J 6

400, n 9_ 81 3 82; 81 3 8an. 8n.6 81.0 81.0 91.2 82'2 82t6 83,8 84,2 83#9 83'4 817 0 n. 1 5'9
500, 0. 00.5 81,2 82,2 7975 79i6 80.0 8091 806 790 81 4 82,5 82.6 83,6 04,1 82,8 80,6 0t O, 135,4
630. 0 81A- 83.1 89 8171 81.1 8,0. 80,5 80n.3 79 Bj5 82.9 83.8 84.7 83.3 82;1 80,2 a - 15i1

800o, 0 869 84.4 84.6 8472 83,3 82,2 79,3 79.6 819 81"6 83,7 86.6 8495 $2,0 Q80$ 79t3 OSt 0 137,0
81 80.5 88 79.7 78.9 8.4 aon 2 82, 1 85.3 85

5 50. 99*7 77.6 ov n., 0

1250, O0 87;8 86.2 86.9 8299 80.6 80,4 79,3 78.6 77,9 7970 80,2 83.2 79s5 79,3 78)5 78,0 04 o, 56
60Q 0 94o6 99.6 95,9 92"2 90,8 90.1 88,9 86,8 8244 83 6 8303 86,9 86,1 0836 80!6 83.3 0. 4 _4 45

2000, 0, 87 1 88.2 87.j 83:6 81.6 79,6 79,2 78.5 77v4 79'7 81,9 80#3 81 5 0,0O 782 78,2 Of O, 136 2

__ 8 88 865 82.8 8n.8 79,4 77,7 79;4 80o7 82if 83,3 80.7 79,4 98'3 75j,3 D A0 1

3150, 0; 92;4 93.2 90.9 89:2 85.0 84.5 81,4 82.7 80v7 80 2 80,6 84.1 80,7 78,7 77;9 79,2 oDi 0 14#00
4000, _0 _ 1~ 89.,2 4 87.9 85,8 79,6 80L5 78,2 77,1 78.1 80,6 81,0 81,5 79,7 78p4 75.3 0, 0, __,8

5000, 0. 94.8 93.7 90.5 913 85.8 84.6 84,5 79.8 786 77'1 77.9 79,6 77,1 78i0 75,9 75,8 o0 0 . 1409
A_0 _._ -_0,k4 _0a __ 96 9 89.i 87.1 83.9 82,4 80s7 8n'4 81.6 83;0 79.9 78.4 a.8 75.0 o. _- j.i .
8000, 0, 89,3 91.4 87.7 8974 84.7 81,7 82.1 79,6 79; 1  771'7 82,0 86,9 83,2 0813 773 75,7 O 0, 141,2

L oial. _ _ 7i.. 8844873 89~n 84,6 83.2 81.9 79.1 780 75, 2 77,3 80,7 79,1 '78.2 75;2 72,5 Of n.14Di8

P/ERAL .. 38_119 103i.4 o1.3_ 00A 0 97,7 98.3 99,0 97.7 95,5 95,8 97,5 98,8 98,2 97,9 98 1 97,5 138 1i58_AfL O
PNL 0. 115.8 116.5 114.3 113"4 110.8 109.5 108,8 107.6 106.3 106.5 107,8 109o9 108,4 107.2 106,1 105.8 04 0.
PIWT _ ___Ok18.2 120.6 117.3 11674 114.0 112.9 112.0 110.4 107.8 t0779 108,7 111.6 110,2 108.5 106;8 107,5 Oi 0,

Figure 141.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

ONE SPLITTER INLET CONFIGURATION

0. 1.0. 20.0 30.0 40.6 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130,0 140,0 159,0 160,0 170,0 180;0

5 0 77.7 76.9 77;7 77?5 77*3 780 79,4 80 6 8 2 .6 81o7 83.8 84,7 87,0 991 93o0 9$1 Q, 0 118-9
63 7L__9_77.2 7717 7870 77.6 78.3 79.9 79,9 8.0 82'.0 83.1 83.9 86.0 07.2 90.0 91.6 0i no 187 t
80. 01 79.5 77.0 77.3 76'6 77i4 77.5 79.3 78.5' 80,5 81 6 83.7 84,5 85,8 87.8 89'7 89,9 01 0, 13618
o00. 0 78.5 76.8 78:9 79 7 80.7 81.1 82,6 83,8 8571 85:1 87,8 88.6 90i2 91,1 92'9 91,5 0 0 ,40 4

125, o, 79.8 793 84.1 84.9 88~1 88,3 90,0 89-2 88j4 905 91;4 92'# 93;3 93.6 94;2 9S8 Ot 1. 1839
160 -n18!7 821 856 87t6 88,5 89.4 88.9 88,9 89.1 90.0 91 8 91.7 92.0 93.8 9t19 90;5 0l 0. 13,6
200. 0. 01;7 82.9 -837 8476 84.8 84.9 84,6 84,8 8612 86^9 88,'0 87.7 89,1 89,2 89'0 88,5 O0 O, 140 3
25n. n. 80 9 8381 87 6 82A 8.2 82 9 83i 4 862 87, 87,7 88v4 89#2 8810 872 01 n. 139 4
315, 0. 80.9 83.1 84:7 8179 83.8 83,2 86M9 854 869 86.9 B8O 8747 088. 082 8719 86,1 O* OI 10 il
4ao. 0: A.3. 82.8 8318 8276 84! 8 1'9 86:8 83.7 85.8 8Tf 86.0 8519 869 883 869 85A a ft 139 n-
500, 0, 88;8 88,8 85;7 89'8 82,6 83.0 86,7 83.7 85,0 89.9 87,1 86 86 8608 87*2 88 84 2 01 O* 1i0 7
630. 0, 9n n 94.5 9nn 8679 84.5 82.4 82.1 83;3 85*4 86?T 87i4 87;1 86v5 08;4 86;3 83.6 0. n, i4083
800, 0; 94.8 91.3 8618 894o 9209 88,0 91,8 91*9 92,0 9173 8910 89, 87,0 806t 85 2 85 4 4 0, 10 4

1000, 0, 9932 902 903 88.9 86 85 3 8851 844 8640 878, 844 W5,2 84,3 8334 81 0 i0 6
1250, 0. 92.7 90.2 91.1 8576 85,8 84.0 83,7 83,1 819 8272 83,9 84.7 83t2 84,0 8219 82,2 Oi o* 139 5
160n, 0. 96 7 98.3 99;7 9171 91.9 883 86;9 84,8 83,9 83?0 861. 84.9 83,0 83,3 8 2;9  83.3 Of a, n 44j
2000, 0. 98 1100.1 102.9 9371 9418 9 S ; 889 63 85 8064 88; 850 8 , 05i 83;0 84,3 OC 0o i1
2500. __ 94. 7 94.n 9316 89-6 87i 8s:0 84.7 81 9 837 8377 8419 84.4 82.0 82.9 820 79.2 a . 6
3150, 0, 92.9 93.3 91.9 8972 86.0 85,4 81,8 82.3 83,1 81'1 83,0 85,1 82.1 81,4 80;1 81,3 Oi 0o 14iO8
4000. 0 94 7 93.2 94.7 9n 7 89.9 83.8 84,6 83i9 82,0 822 8B4i 83;9 83.9 83.2 8 9 80,1 0y y, 242
5000. 0. 94;9 95.4 91.2 92,0 8740 88.2 87,1 84.0 83*1 801 8ali 80.8 800 01 4 99 79,.6 O .. 1425
6300. a 92;1 92.2 931 9272' 90.3 89.4 86.2 86:4 84.5 81'6 8342 83.2 81t 406 95 78.4 04 n. i35
8000, 0, 90 2 92,2 90;0 9075 86,1 83,4 84,1 83,1 83t4 80"5 84,0 84,2 82,3 803 7714 77,6 01 0O 142 3

10000, 0. 88:0 89.2 89.3 9073 85.0 84.4 83.1 81.3 81ir 7812 81,3 84v2 83,5 $1,5 78;4 76,4 0N 0. 182.6

OVERALL 138 165;8 106.1 106.7 10214 10it8 99,6 99,9 9,0 9913 99T7 t00O 10047 i Oo? 10d5 i8t; i10i. 1310 i3.os 068
PNL 0. 118.6 119.4 120.5 11574 114.9 112.1 111,6 110.3 110ti 109'7 111:5 111.4 110.7 1j0.6 189'5 109.1 0~ 0o
PNLT 0. 11916 121.9 123.9 1171 5 11 114,1 114.3 113.2 112;3 111 7 ±115 111;4 110,7 120,6 109,5 110,1 01 0

Figure 142.
4J



o

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nfc

ONE SPLITTER INLET CONFIGURATION

0. 10.0 20.0 30,0 40.0 50.0 60.0 70,0 80.0 90,0 i00;0 110.9 120,0 130,0 140,0 159,0 160,0 170,0 150,0

, 0, 19 81.6 80.6 81'3 81.6 82,8 03,6 $4,9 85i9 86"5 89.8 90,6 93il 4, 98 2s 8 ov 0
63 0 825 811 802 81.7 8,'8 82;8 839 84,9 860 8940 90l 92,L 44I, 9,# 9,t v 1 1 4

80, 0. 83,8 81.4 80.7 8071 83,5 84,5 83,7 83.5 85v5 85 6 89s4 90,5 92,0 94.6 96 3 96.7 09 0 Oj 13

108 01 1_ 8 82 83.8 83.7 6858 067 e 891 9 9.7 93 5.3 97.8 1M.2 97;1 i tss

125# Q. 83.1 82.8 85.4 857 88,2 89,1 -901 91.2 92:5 92-2 95i 96,3 97a 1 00.4 1016 97,6 o0 Of S

S8 99 91 92 9 92 939 95 970 9811 991 99 9 961 0 o.14 1
200. 0. 85;1 88.7 88;2 8973 90o0 88.9 88,9 90.0 90.4 91.8 92i8 93.9 95.3 96Y9 9519 94,1 0. 15O

250. n,5; 9 8 86.9 8876 88.2 89.3 89.2 89.3 90.n 9,'0 92, 93,9 94.2 95.8 93.9 93.0 n n i

315, 0 84 1 88.8 858 88'3 90,2 89,1 89,2 89.3 91 2 9077 91li 9389 93~4 941 99 92;0 06. i83

_ 4 _0_0 . .9- 96 9 . 1 96.9 8 9 966 92, 96.0 953 96,9 3 99 Oi Po ,11

500, 0. 93.8 96.7 90.8 96:1 97,8 89.7 94,0 93.8 93;1 95,'5 94;6 91,9 94;2 96;9 94?0 9,0 0o 0, 1485

639, 0. 91.2 90.9 90'4 88-5 89,1 90.3 90,1 92.2 91.1 90_1 93_3 93, 93,3 9441 92~ 89.3 O

800, 0 94.3 93.0 91.3 89v6 88,o 90,9 88,1 86,2 88y9 89'7 9100 92;9 910 ? 91,8 90 9 879 01 0 14416

_0i 1- 982 9 6.9 922,5 90.8 90.4 90.1 879 68.2 872 891 892 92,0 89s 910 89,3 8741 0 0 1 1

1250. 0. 96.0 96.7 95.3 92:3 89,0 89.9 87,8 87,9 86,1 8518 8701 89;9 88,4 90'0 882 86,6 o0 0Q,: 1 45
_ 0 .. 9Ai _94 ,6 93 5 90'2 87 2 87.9 85.8 86,3 85 j2 84 8 86,9 88.2 88,2 88,9 87 0 86a3 o0

2000, 0 100.4 100.2 100.1 93.5 9114 89,1 90,1 089, 8712 87,2 892 87;3 88s6 V9i9 8 9 11 8;i O1 0, 1619

_50-_ R_ 95,7 95,7 9271 90,n 86.9 87j8 $5,9 879 87.5 88, 87;9 87,9 .8i0 87 6 84.7 01 0 .44

3150 0. 93.1 93.8 92.3 8976 87.2 87.0 8541 86,2 85T9 84.8 85,8 87.9 8644 86,1 85 3 85,3 i 0O 142 6

_4oa__,. _ 5F1 , 9Aj 91'5 9 .9 83.9 86.7 86,1 84.8 84 9 088 87,1 08j 88a67 06!1 839 ol . 3I
5000, . 95.2 95.2 92;2 9277 88,2 87,3 88;0 05.3 85;t 82"9 84i2 85,4 04,4 059 83'4 83,4 -O O0 $a
_ 00 611_9... 93._ 917 91,6 89.3 861 87.2 85*3 84.4 86, 85;5 86.4 A;,4 85 82~5 at , 4 A

8000. :0. 69.6 92.3 89.3 899 87.1 83,3 84,1 85.1 85,1 83~0 8513 85,2 83,4 83.C 81o5 80i2 90 O, 12,
_19_0. ... 2___87.9 87 8 85.4 8:.2 81.4 83.5 83!1 8271 86,1 88,2 85.4 84.4 8ji5 79, 5  oa #, 1131

_LERAL.L __t 3 8 8 l 1 2_102 4a.L2A. A~10 4.5 05,6 103,3 1o033 03l9 104,8 106,0 106.4 108,3 7 l107,9 1838 j3L8 f9_I
FNL 0. 1202 120,4 119.8 11677 115.9 115.0 115.8 113.5 11i36 113""5 i14.9 115.5 115.6 116,5 115;3 113,7 0i 0
.NT . .0. 1A 9122,0 21. 6 119?6 118.3 116.9 117,7 11t46 114.2 114'0 115,9 116.1 115,6 116.5 115;8 113,7 0; 0.

Figure 143.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nf

TWO SPLITTER INLET CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.o 70.0 80,0 90,O 100,0 110.0 120,0 130,0 140,0 150,0 160,0 170,0 150.0

50 0. 744 72.5 72;9 775 787 78.4 76.7 75,7 M7 19 7 82,4 78-,684#? ? 27 85,6 85,4 0 0-C.
.... _. . 73.- 71,_31L'6S. 16. 73,9 71.4 72.9 73.6 72!8 737 75.6 72, 5 76,8 6,8 9785 79.5 7_o8
80. 0. 71 9 71.3 70.3 70 5 73.5 71.3 71,2 71,5 72.3 72'3 74,3 72;2 75,6 75,5 78,2 78,1 01 0, 1269

1.00, . 7 . 71,3__7a1672 6 76.1 75.6 75.6 77 77;8 77.9 79#5 77,8 80;8 79.9 81;8 79.8 ov - 10__13123

125, 0, 7217 72,8 75,8 800 82,2 81,6 84,2 $5,0 8319 83'0 84.0 82.2 84,4 83,1 8Og2 80,8 0 0, 136)4
..10 0 735 74,5- 775 &8~7 9.9 8n.5 81_7819 8187 _ 820 82i 8 26 83,7 2*8 807 80,5 0 103.8,0
200. 0, 75.6 75.4 76;4 76 9 79.0 77.9 77,9 77.6 76,8 78;8 80,8 79,7 80,8 00.0 77 8 78,8 O. 0O 132i2

-- 25 o 0 -1-5 3 7_5.3 74~, 73 9 76.9 79.5 74.6 75,0 7516 769-71-,6 _778- .8- 77,9 76,7 77,4 4--Or - i 150 .
315, 0; 77,6 77.4 75;6 74'7 76.9 75.7 76i9 27,9 77f6 78.8 798 '80.9 8 ,r , 989 77,8 76,7 Di O0 1i3S
. -00,- 0 7675 3.1. 5.1 _7$14 77.n 74,16 75;5 75.8 7551 76 6 77,7 _78; 2.l8 78.9 78.5 77.3 0 ---- ..10
500, 0. 7514 77.2 77.4 74:5 75.9 74.2 74,6 74,7 74.4 75;7 77,4 78.6 79,0 78,8 77;6 75,4 o0 0. 15014
63.. 7A0 .7~__27479 7 .0 74.6 75.1 74.8 75.1 76'9 78,_7 9 ._ 81.4 78.1 75m7 74.6 Ok 4 ......O- 1313.
800, 0. 78;7 78.8 77;4 75 9 76,t 75 5 75,9 75,6 75.9 77"7 80,6 83;9 84,1 78,2 757 73,6 Ov O, 1331

1 _ 00 0- 18.... 87 79,0 7726 ...761__6 75.7 771 76,8 7598 73 79 _30 _82 76,2 7947 736 0 Oi 13216
1250o 0. 87.8 87.6 39,8 83"9 83.1 83.9 79,8 79.8 78.0 77.8 79,7 81.8 80,0 76,1 75#5 74,5 0. 0, 13606

_AAQ0., 0, 82.6 80,9 8 9 77 7.3 76.8 76,0 77,0 75.0 7 8 78,7 81~, 791 0 75,9 735 7 8 1 0, 152 5
2O00, 0. 840 82.8 83.8 80D 0 79.2 77,0 79,3 76.1 76v1 7712 80,9 80,2 81,2 77,2 74-7 74,6 0. 0, 133 9
2500 - 0- 86.4 85,8 84 5 81'8 19in 77,8 77,7 74,6 7719 78A8 825 82.9 81 ?8;1 75j5 73,4 j) O. 155 2
3150, 0. 42,7 82.9 82.0 77.1 76.3 73,6 73,8 75,0 73s8 75.8 76,6 81.9 79,0 75,2 73,6 72,8 0. 0 15325
_D001  0. '7 3 84.6 84A E8177969 77.7 76,7 73.7 73,. j74 78S7, 78.5 8, 8 -3 ---3,.5. 0. 0, 134 5
5000. 0 84 8 86.8 84.5 81;1 800 76,5 79,1 73,9 73;6 73.7 76,5 79.8 77,9 75j9 725- 70,7 0 0, 134,5
30o 0 7 A 87 8 77.9 9 79861 84,4 81a.7 80j 76.7 77i8 77.9 8t983882,2 941A 76j6 74. --0o ...0. 138i7
8000, o0 86.2 87.5 85.3 84.8 81.8 79.6 80,6 76,6 75.6 74.7 80,6 83.8 81,8 79,7 7402 73,2 O, o, 138j3

_19090, -.-0 , 8 7.99 89.1 69 .... L 85.4 82.0 81,3 76.3 75.3 74.3 78,2 80.4 78,5 76,3 73J __?71.8 . 0_r 0. O, 140,2

OVERALL 13,8 96;7 96.8 96.4 94'4 93.5 92,1 92,1 91.4 91.0 91.6 9 3, 8  94,7 95,0 9217 92,2 L.4 13,8 13.8 1483
PNL . 0 110.1 109.6 109.3 1075 106.2 04.2 101.8 10242 10031 1061 107.1" -1016 36 101,6 10015 0 0.110.1 109. 1-i J-9 -3 12 5 oii 0 1 10.1 103.6 101 1008 0 004o o
PE I . 0. 1125 11-2.1 11. 5 109,. 108.3 106,7 104,8 102.7 102.9 103.7 107,3 107.1 106i6 103,6 1021l 100,5 o. 0 .

Figure 144.



00

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M).ARC; 70% Nf

TWO SPLITTER INLET CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 0,O 100.0 110.0 120.0 130.0 140,0 158o, 160,0 170,0 1o0.0

50, . 73'7 73.4 72.3 74:4 78.5 75,5 76.2 7641 77,3 77"4 80, 77,9 82 40 4 875 8807 0 04 139
6 l. J 7 3 7.9 73:6 7578 8o0n 77*9 78.5 77,6 77 3 So 1 828 80 4 370 83.6 856 869 Ov 0 1l42
80. 0. 74,5 72.4 71; 73.1 79.6 74.5 74.3 75.2 759 76.3 79,0 78.7 82.3 83,0 84,4 84.5 Ot O. 13S21

__.1O0. .7 4.5 73 4 73.1 76;4 81*7 78,7 79,7 80.3 82,3 82;9 83,3 83,3 85,0 865 87i7 85.7 o tIAt
125, 0 76;8 77.0 81.9 8179 85,9 91,8 93.5 91i8 905 84 9 89,8 88o7 89.2 89.7 940 878 0o 0. 0 3

j16J__i5i77 9,i1 _13 8C 8~eA 80.6 89.3 87A8 87 8A5 884 87;3 889 89, 4 8719 855 nt a. bit
200 0 . 78;7 80.7 81.5 82 7 84,0 83.0 82,5 82.7 82,4 83'7 84,4 85,2 85,6 6,3 83;6 83,8 0# 0. 137
25n. n- 7718 79.9 79.8 7977 8n.8 8n.8 78,6 79.4 Bj4 8n 834 83;i2 84.9 8443 82,6 8?.6 na n, 415
315, 0 7818 80.0 7918 7977 821 80.9 81,6 81f5 825 83,8 844i 862 85,7 644 627 81t6 D O S 6|
AD. 0. 7718 79.6 8A.4 785 agi 78.7 80.6- 80.6 80.4 8147 8383 84.1 83,8 4 8388 81.5 at 0. 5"-
500, O 77;5 80.8 84;5 7777 79.6 78, 9  79,4 78,2 80 3  80o6 82,3 83;3 83,8 k3i, 834 81j4 0O 0O. 1182
630. 0. 79. 802~ 82.5 7879 79.n 78.3 77,7 78v6 79i6 81t;3 82%9 84;6 83,9 8349 81 i 79.0 Oi 0 I1
800, 0o 82;1 80,8 79;8 78:7 78.8 78.1 79,6 78;6 80j7 81.8 847 87,3 84,9 01 80 6 8

_0LI0 0. 833 81.0 80n0 788 779 7A.9 77,7' 78.6 79*8 Bilo 82.7 86i4 82.w? 0 99,8 76.7 O M. 4B,
1250, 0. 83.7 81.8 81;5 7878 79.1 77,8 78,8 78,6 793 79.8 81,7 84.4 80.9 79,3 77 9 76,8 Of O, 4
1600,. n 9297 88.9 88;6 87.8 85.9 88.2 82.9 80.6 79.5 80n2 82.6 84.4 80.8 80.5 78 9 78.7 01 0 1
!000, 0: 85:0 82.3 82'7 8170 78.2 78/1 77,0 7648 778 7913 819 81;4 8 1 994 97 8 768 0 .O j 44
J_50n n 87' A 85.7 84.7 8279 8g IRs8 78;5 76.5 8... 8i 7 84'i 844 4 81.9 80.3 78 7 76.7 . n. 46
3150. 0. .82 88.9 87:0 8473 81,1 80.1 78,9 78,9 78s9 79.4 80,8 84,5 80,2 78,6 76,5 76,8 01 0. 1687,
4,Inn. nA 0A 8.8 A7 8A~A 8. 8j.9 78.7 77.2 78.1 77-5 815 81.;2 80.5 o0i2 77j7 76.6 a p.
15000, 0, 91t0 91.9 87*8 8778 8642 84.2 83,9 78.5 784 770 798 81.3 80,7 9 7 5;9 74,6 Do $9

3.n. 9 9n9 9n 9in 879 848 82.9 81.6 817 8n'.9 82#7 83;6 79C,9 99!.4 777' 76.8 -, 4181i
8000. 0. 89.5 90.4 88;2 8777 84.6 82.6 83i6 79.5 79o3 78:5 83,4 89.0 84,4 03,1 77,6 76i3 Dy 0c 1i51i

I0000, 0. 891 90.2 89.1 89: 86.2 83;5 84.3 79i9 799 773 80Q8 82,9 80.3 O O 78;0 74j9 ot o. At

OVIERALL 13:8 thoi- 99.5 98 5 980 96.7 94.8 97.5 96.0 959. 952 97,~ 98M5 97,9 178 975. 96.4 138 95 8 11
PNI. 0, 113 9 113.2 111.9 111:5 109;3 108.2 107.7 105.6 106;1 10674 09,0 110.2 108,2 107,5 105,7 104,6 0. 0.
PNI.T 0o 116.6 115.5 114;0 11471 111.7 110,2 109,3 106.9 107t0 107*0 110;0 111.2 106,? 108.0 10962 104,6 0. 0,

Figure 145.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD 
DAY

150' (45.7M) ARC; 80% Nf
c

'TWO SPLITTER INLET CONFIGURATION

S, 2.8.0 20.u 30.0 40.u 50.0 60.0 7U,0 80.0 90,0 1.0.0 110,0 1 20.0 130.0 140.0 150,01 160,0 17 0,0 0.0

50, 0, 78.6 77.3 77.3 79.5 83;7 79.4 80,4 81.1 83 A 82';'7 85.2 82,2 $0,6 89.6 93-6 95#5 0 O .4 16

63. 0 80.8 77.5 7822 .78-.8 .8 8.6 79.7 80.3 82i5 81.82 82,2 866 8.5 91l 928 9 0,.

80, 0 79.4 77.0 77,1 77.3 84,5 78.4 79,2 80.1 808 81.2 84,3 84,0 87,3 89,2 91i7 90,4 O0 0O 158,0

10. o, 0. 79.4 76.6 78. 79.L6-1_ 4 --- L- 8833 893 , 6 6 p7 9j6 9.60

125. 0. oo0o 78.7 02.4 85'9 88.9 87.1 89.0 88.7 88.5 "90:0 90,8 91.5 93,2 94.7 94;9 92,0 ai 0, .14319

160, 0, 006 82,7 .,.88 -6 _89_a -- --- -, 89 4 9 9 __2Ai2i5S39 94-- A 936 9n,98 _4-L92-

200. 0. 82.8 83.9 84.3 85.4 887 85.7 854 85.2 86i5 87;6 89,6 90.6 90,0 91,5 8900 89,7 0, O 1,7

.. . .50, . 12.6 82.8 84--3-3.j 25---8 - 2, 9
- -8 2 .7 83,6 8_ 8 _LB9 86,89.2 I1 898 8,8 876 _0.I

315, 0, 809 83.9 84 4 82:8 05.6 82,9 85,7 85.3 87,3 87'.'7 88,6 0.7 89,1 08,8 87i8 85,9 O O, ,40 8

... .0, 82.5 82.8 83,5 -_8ft;84. --- 8--- - , - 48- -- , B_ 88_L_ 8.7 87t7 85.5 _0_ t1 - iD*

500, 0. A2.4 84.7 85.0 86.6 85,7 82.5 85,3 84.2 84i1 88.8 87,7 88.3 88,6 89,4 88,6 85l1 ot 01 140O
50 , O. ,2 4 84. 85;0- 

084 . . t1.

6 30 * 0 * 84 4 8 3.8 .86 .8 - -8 9 84 .0 l_+ 
9  5 BA§L - - §8 .b 1 - 8 8 1! -- 8 9

800. 0. 92.8 9,8 89,7 93.o 91.8 89,1. 88,6 91.9 89.3 92;'8 89,7 92,4 88,8 88,6 86j7 84 ,6 0, 0 1 .7

100 0 902 89,2 a4,8 85..8 :8.o' ,8 ", .48 860_1 85,9 8 6.9 . __i .,

1250, 0. 85.6 85,8 4'.4 82 .7 82,6 80,6 81,7 82.5 82.2 82.6 84,7 87.2 83,9 85,4 83i7 82,8 0, 0' 1380

.....1600. 0, 91,9 90.9 -94;9. 1--89B . 9.9-_83_ .8 3 -.-- --84 --. 5A2.3 82;.o -- 6.369- 857.3 83 6 849g- 84-1 1- 43 U - 0-1,4 4

2000. 0; 05.9 95.3 101.8 93.2 95,3 8.1 86,7 84.8 84.5 83,9 86,9 85,7 84,2 85,7 839 84,1 -o Os 1 4 6 2

0 ! 90.8 89.6 87.5 5.7 1_.7 8 -9 ~ 8 4 8 04 - -  8__-a  8' 6. 84 46 82. 6 8,5 01

3150, 0. 901 9.0 88.6 85: 83.9 81.2 79,7 81.6 83.5 821 830 865 82,0 83,0 80,9 80,1, 0 O. 139,03150. 
. .8. 

2'l 8 ,0 8 .

4000, o, 94.9 91,8 13 90.5 81-7 90.. 33 82_.,_ _ 3 -.. 5 85 84,7i-, i4- -- .8o. .i

5000, 0. 91.0 93.1 90'6 90.0 88.0 86.1 86,6 83.7 84.2 80:7 81,8 84.,3 83,7 ,28 87 7807 01 0, 181,7

6300. 0.' 93.1 93.0 92.6 93. ... 9..8. . .. . 8 - 8 5 8, 84 , 82,2 79,6 _8 ,805± 2

8000, o. O0.R 91.8 89.5 89.4 87.6 85.4 5.4 83.1 84V3 81.6 855 89,0 84,7 822 79'6 78,3 0. 0o 1-432

.10000, 0. 402 91,2 88, . . 8 8 .a.--- ---- 828.86,6 -A-, 83,1 80 , 78.3 Of
4 3 

7

OVERALL 13,8 li3'.3 102.9 11)4.7 102'._10_2,199 . 91. ,8.L-.. 1_0.2 012.. .. 02 0 102,8 102;8 1010 1301.

0NL . 117.2 116.0 118,8 114'.' 115.3 111.4 110,8 109.7 110.5 .iOl1 112.0 113.1 111,8 112.0 1103 109,2 O0 0O

PNT 0 119.4 118.4 123,9 1.177 _119,2 113.6 112,3 112.6 112.3 112.2 113,0 113,7 111,8 112,0 110,3 109,2 0-, 0,

0Figure 146.
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I--

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nfc
c

TWO SPLITTER INLET CONFIGURATION

o. 10.0 20.0 33.0 40.6 50,0 60.0 70.0 80.0 90,0 100.0 110.0 120,0 130,0 140,0 150,0 160,0 170.0 180.0

50 . 82.4 80.6 80.1 82:3 83,4 82.8 84,3 85,4 87,3 86-7 89,5 87,2 93,5 95.2 99,6 103,0 0, o. 1 04

63 o 83;7 80,.8 8.01.6 i819 2 84,5 84,A L 8 L89__ 89,_ 88 92,72 94, 9_7i 1 _, -143

80, 0. 84.3 81.4 82.2 83-4 85.1 85.2 85.1 83,9 8611 85.2 88,0 880, 92,5 94,3 9615 97,6 0, uo 143,o

10, O, 92,4 80.4 3 203 8317 84.5 84A 6 85,8 88j3 89.5 91.5 92;3 95.8 98.4 99-9 97.9 n, 1A5 3 9

125, 0. 82.8 82,0 84.5 86:7 87.8 89,2 90.0 90,9 92.6 92;2 94,6 95;6 9080 99,0 101,t 97,9 0 0, 1482

560, 0, 1 4.4 37.5 .9,3 2o,-89A . 9 9--.92,4 92. 92i 94j9 96' 3L9 t1. 998 9 . a-- f-- -- o, _iA49 0

200, 0. 85.6 07.8 386 89-6 89.7 89,8 89,8 89.4 91,5 91;8 93,3 94.5 94,9 96,6 95,6 94,6 0o 0, 14610

25 0 . . 956 866 _881 _48 90 ~_88A1 88,8 88, 90.4 910 92 4  94,5 94,7 95,7 93.6 937 0 f _-,45,3

315. 0. 86.7 85.9 86.4 90;0 90.8 90.9 92,6 92.6 94t6 93"0 93,4 95,3 93.9 94.7 92!9 93,7 0. 0. 14 60

-400. 0, 4,5 97 6 95, 4 e21 9 8516 4_8 7 9725 96.7 92,5_2 1_ 926 1696,*~.. 946 93 8 99 0 ' 1 9,0

500, 0'. 38,9 94.5 91.6 90.7 89.8 92.7 97,4 92;4 91.4 95.8 95,6 94,3 92,7 97.4 93,5 92,8 0. 0. 1480

_63 0- - -0. 36.9 O- 2- 1 9 1. -- -91' 93' 89.3 9n.0 86,8 90.6 89.2 91 1,9  9387__9 94.6 91.8 9y4 Q2_ , A 4
800, 0, 079 87.9 87 4 86-6 87.7 86.7 87,7 86.4 88.5 88:8 91,5 93.5 91,7 92,7 89;9 88,7 0, 0. 143

_.L0 0 o, 93,0 87,9 86 8 1 . -9 8,2 8_ 87.6 885 88:1 0 , 6  92r 89,8 89,9 89 8 87,61 Oi 43.,

:1250, 0. 90.8 86.9 89.8 86.8 84.5 84,7 84,4 85.3 85,5 84:9 88,6 90,2 88,9 89,6 88,6 85,9 0. 0. 141.6

L60-0 0- 0 3819 87.7 88.;5_ _L9 83.n 84,0 83,8 85.0 84.4 85 _0 87~5 89A_ 871_- 88,7 87.0 85.7 O. - A 4018

2000. 0. 98.0 94.3 95 7 89:9 89.0 88,1 88,8 88,6 87,7 859 88,6 87,6 89.1 89,6 87,8 86,1 0 0, 1 444

.250, 0 9317 91,7 90,4 8815 8665 84,9 85i6 84,3 8641 8616 88,6 88.3 88,A 88,5 878 84,7 _~ 12'3

3150. 0. 90.3 91.1 89.8 87'71 84.1 83.2 82,0 84.6 307 64;9 84,8 88,7 65,1 8666 O41i 84Q 01 0 140j9

4_090... 95.6 91L6 _924 j _ 5 90 888 86.5 87,2 86.2 86.1 86:5 87,2 87,9 87,5 884 86'7 85,4 0 l_ A4
,000 0. .91.9 93.1 90,6 90.8 89.1 86.8 89,0 85.4 84;6 84'.7 84,7 88.3 86 87,5 844; 82,# 0. 0, 143,2

_ 00-. 0 93,2 -93,0-926-9 089.9 88.9 85 8 85.7 873 85 857 87__84j j16.7 8.76 83 , .0_ 44-

,3000 0, 90.6 91.8 89.5 86.4 84.4 86, 84,1 859 846 86,3 89,2 85,3 85,3 82,4 8 ,4 0. 0 131,7

1000.. 0_ .5 90,?287,8 89'_* 86.3 83.0 83,8 82.7 84"9 84.3 87,0 90.8 88.3 86.8 84.9 82.1 Q0. _, 44

OVERALL 13.8 164.4 104.5 103.9 10277 102,9 103.4 103,9 102,8 .03 _1 03.
6 J05,0 106.3 106,7 108,2 106,7 108,3 13,8 13.8 1 9~1

PN 0. 118.2 116.9 116.9 115:5 114.4 113,6 114.0 112.9 113;3 ilj35 114.9 116.3 115.5 116.6 115,4 114 1 0. 0O

PNI.T 0. 120511.__i 8,9 117^0 115.8 114,9 115,4 114.3 13.8 115;J-.1 16,0 116.3 115.5 116.6 116;4 114,1 0. 0.

Figure 147.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nf
c

THREE SPLITTER INLET CONFIGURATION

o. 1o.0 20.0 30.0 40.0 50.0 60.o 70.0 80.0 90,0 100;0 110,0 120,0 130,0 140,0 150,0 160,0 170,0 180.0

50 . 0, 73.5 72.2 73.3 81.7 76.7 77,8 74,8 74.5 76v6 78~7 80i7 76,3 83,9 #2,7 847 84,6 o0 0. 1 3 c
6 0. 3 4 71.6 2._ _80_8 71,5 71.6 73.7 73.3 73,6 7519 75,7 71.4 76.6 p5.9 97 5 80,0 o O LL6

80, 0. 72.1 70.9 69,3 79.3 72.1 71.4 72,2 71.1 71'2 72.4 73,9. 71,7 75,4 76.2 77'1 77,5 D, 0, 1273
10,_.. 63 7.7 8np 75,s 76.9 75,9 77,6 777 8n,0 79,8 77,4 80,0 B0,0 81,6 80.7 i I0 J.
125, 0. 71.9 71,6 78;1. 8673 83o3 82,1 83,1 83,8 86o3 88;2 84,1 82.9 86,3 88, 0 8618 84,0 0' or 18~ 5
-- 0, 0 . 73-6 74,5__-6,__7 _9._ 877.0 81,7 7 81,7 81-8 82"9'2 82,7 81,3 839 82.9 808. 8i0 0n i 1,.~.5
200, 0, 75;3 75.3 76.5 80:7 78.7 78.8 78,0 77,6 7867 79;8 80,6 79.6 80,8 80,8 77,8 790 0, 0. 1328
250- 0 75-6 75.4 74.7 79 8 74.9 74.7 74.7 74.7 760O 76.9 77,9 77,5 78,8 77,8 76 5 76,7 09 0O , lO L
315, 0. 77.5 76.7 75,6 78'0 74.9 75.8 77.1 76,7 77,8 78 9 79,7 80,5 81,8 78.9 76,6 77,0 0t 0. 132;0
40.D . . _25 .6 7.6_6;8_- 7 746. 73f 79.9 75.4 P5. 7619 77.6 77.5 79.0 78.8 77;9 76.9 0. 0, -Is.
500. 0. 75.5 77.5 77.7 75.5 73,5 73.8 74,6 74,3 75,6 76;8 77,5 77,4 78,0 78,6 77,8 75,8 01 0. 130s2
63.,0 - 77. 9__76.9 79 76 7. 7 79., 74.0 75.0 74,7 75- 77.2 79.1 79.7 81.1 , 9,. 76.8 74.2 p. n L -
800, 0. 76:8 77.6 7619 75,7 75.7 76,1 77,1 75,7 75v8 78 9 807 82.8 83,9 78,8 7676 74o7 0 0. 133fo

-100 ... 6.. ... 2 5 p75_ 740_ 74.P 75.0 76.3 76.6 76y0 79'1 80,2 82,7 82.3 7740 74 8 74M2 , 0 ~_3A
1250, 0; 6.8 82.6 33.8 76.8 75.7 75,8 77,9 77.5 7 5 vi 78;0 79.7 81.8 79,8 76,1 7405 73,8 O o. 133j3
__.1___4_ _0o0 76i.9 77.0 73 9 73.9 73.9 74,9 75.9 739 76.9 79,1 80,8 79,3 76,2 73,9 73,9 o0 0. 1312
2000. 0. 83.9 82.9 8311 76.2 77.2 80.4 78.3 78,0 76vD 7710 80,0 80,0 81,4 78al 74; 7 75,0 O 0 . 133 7

5o0- 5 828 81,-9 3,0 75 6 74,6 74,7 75.8 73,4 76t8 79.2 8128 81.4 82,1 78,j 76;6 72,9 0o. Q.
5150, 0. 78,8 78.0 77;1 73;1 72,8 72.2 73,0 73.9 7342 76.2 79,1 81,7 76,3 76,2 73,7 72,9 0, 0, 131,4

844nno, 0 4 4181,5 83.p 77 9 77,J 79.7 73,0 73.3 74.n 73,9 75.7 79,4 79,0 75,9 74;4 72,6 0,. t 245
5000. 0. 86.1 86.7 83,0 80.3 79,0 79.1 79,4 74.9 73j0 751.9 78o9 78,7 77k2 74j9 72'8 71i8 of 0 13415

0 ,  0, . 86,1~~~985_0 84,0 79,3 78,3 76,7 78o3 76,9 81i8 84.6 82,0 0, 770- 75i2 O 1 0, i38J
0000o 0, 0t6,6 88.3 85.5 83'6 81.8 79,9 78,7 75.3 75;6 77.5 80,4 82.5 81,6 77,9 75,3 72,7 01 0. 138,0

_, 0 0.. 881 88,9 88 2  8674 84.5 8,.3 82.3 77.0 76;4 75.3 78,2 79,8 78,2 77o2 74,2 72,4 01 0. 14023

3.ERAL . 3_8_ .895 95 1 94 4 92,3 91.5 91.6 90.8 91.6 93.2 93,7 94,3 95,0 ?3,7 92;7 91,8 13,8 136,8 1 .1
*NL 0. 1)8;.6 108.4 108.3 106 2 104.9 103.0 103,3 101.5 102;t 10327 105,8 107.1 106,6 104,1 102,1 100.6 O, 0o
NL__T___ _01A 6 10 110,-1 8 107:3 105.8 105.1 104,5 102.6 103;1 104'9 105.8 107,7 107,3 105,2 103;0 101,2 0 0.

Figure 148.
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00

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7) ARC; 70% Nf

THREEE SPLITTER INLET CONFIGURATION

U, 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90.0 1oo0O 110.0 120.0 130,0 140,0 150,0 160.0 170,o 180.0

50, 0, 7317 75.3 7317 75 6 74,0 75,8 77,3 77,8 78B 8 802 8 04 2  78,1 82j 5 863 88 0 3
63, 0. 76o7 74.7 74.8 76.7 757 77.6 78o3 77,0 78i2 81.0 Bo4 78, 8207 3,1 85.0 8614 Qi 0, 1349

80, 0! 3 73'5 72;7 73.1 74.1 74.3 75,9 75.6 77,o 780o 78,3 77.7 81,3 5 15 83;8 84,0 1 O0 31i

-- 0o 73 7_ 76_ 2 9 75, 1  76.6 77.4 78.4 79.4 80O9 820 82,6 82,6 84,4 85,2 86;6 85.7 _

125, 0. 7614 78.4 81;3 -819 84.3 91.7 93,6 92,0 89,6 864 90,3 88.3 89,1 8,5 90'8 88!2 0f 0. 14310

___ . 75 1 19d.1 7 3i 84,L BR.5 89.7 88 8747 8724 89, 5 884 88,5 8 . 87-5 .863 L _- i4i

200. 0. 77*2 80.9 81r6 82 5 82,4 82.1 83,0 82.0 82,4 847 84,9 85,5 87,3 85,2 5837 84,1 0o 0, 1 7

. 0 78.2 78.- 79 _5 787 78. 79,6 77.5 79.0 79.7 819 81,7_ 82.8 83.5 82.6 8118 81.4 oat 1&

315, 0 78,2 79.7 80,1 79-8 79..4 79.2 81,1 81.2 82;0 83 9 8494 85,6 85,8 ,2 82 8 0? 7 0i 0. 136j

.400 0 77.9 78 6 -_.,5__76' 6 77.9 77.4 79.7 79,4 B0o4 8i 3 82. 83.2 83.6 82.0 81,9 8,s8 Or -0. L -

500, 0 76.3 78.5 78,2 768B 77,o0 77,5 78,6 78.1 79v6 80S7 81,3 81,9 82.5 02,0 8108 89,0 0 0, 1338

__-3l0 -0, 76,4 78,0_ 786 _712 76.7 76.9 77,8 78,2 79.0 80.9 i.7 83,0 83A7 S,3 807 78.9 O n - 1_)

BoO, 0, 78.2 78.3 78;1 77'8 77.5 78,0 78o4 78,2 79-1 82'0 83,2 85,8 84,8. 0,0 78,0 . . 15. 2
_090, .0 76.9 78.0 7?_i 67 75.4i 76 778 78,0 782 80.9 82,4 86.3 84,0 Z8,9 992 761 0, 0,_ A

1250, 0. 79.5 78.5 77.7 7670 75.0 75.8 77,2 77.8 77v6 80.2 80,8 84.2 81.9 78,7 77;7 76.5 0. 0. 13316

_100 , 92 2 88,5 91,~ ~2 M 82.R 77.1 814 82 78i7 803 8a.9 84,0 80.4 L86 79;4 77.3 38---0 8j

2000, 0. 80.5 78.5 79;1 7775 75,5 74,7 76,0 76.3 77*3 78.8 802 82,1 810 78,7 77-6 76,9 0. O 13311

2500, , 0 (4 80,7 1913_._15 75 74 76.8 75.3 788 8 83 822 83.0 8.6 78;3 75. 1 n

3L50, 0, 8330 84.1 81;3 79.2 76.2 75.2 74,8 76.3 76i 79;2 80,9 83.8 79,5 77,9 76,3 76,2 01 Os 412

4000, 0. 86.9 84.2 4.2 8312 791 76.4 75 0 75.5 77 5 77 0 78,2 82.0 82,7 78,6 77,8 759 O 01

5000, 0 q82 88.4 34.4 85?1 80.6 81.6 80,4 76.6 16 v 77'.3 79,0 79.2 82;1 75,8 74 5 73~1 De O 1361

600 . 8813 88,4 .97 88 8 -85 6 i .1 80 -0.7 B10 _91 _81,2 83,5 804 784 777 7654 8, 0 A 9 4

8300, 0. 7.6 89.6 85.9 86'6. 83,2 81.8 80.9 78;9 78t6 81.3 82,3 88,1 86,7 80,3 78i6 76.0 0 O 140,8

l0O0, 0. 87.4 89.2 2_-a 8982 A±3_82.0 82 2 79.4 79k4 79.1_2_29t6 834 8 785 781 7145 0 0.i41i

-IVERALL 13,8 97.6 97,4 .9729 94. 95,6 97,0 95.9 9 3 95 9, 98.1 ,3 6,4 969 962 138 ,3_11

7NL 0. 110.3 110.4 110.2 10973 106.8 105.5 105,5 104.9 105;2 106.4 108.0 109.6 109,2 105,9 105,4 104,0 0. O,

0T. 114.4 113.7 114.5 112.3 109.3 106.9 107,1 106.2 1u6.1 106'4 108,7 110.6 109,2 105,9 106.1 104,0 0. 0O

Figure 149.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nfc

THREE SPLITTER INLET CONFIGURATION

.. 1:).0 20.0 30.0 40.0 50.0 60.0 70.0 80,0 90,0 100.0 110.0 120,0 130.0 140,0 150.0 160.0 170,0 180.0

50,, 0' 77;3 77.3 76,4 78' 78.3 79,2 79,6 80,8 82.3 83.'8, 85,0 81.1 88,1 88,8 93.7 95,5 00  O, 139 1S

63, 78.9 777 7. 766 7727 78.5 79.0 78,8 79.7 8116 83' 2__41 82.3 869 8 2  908 925 9 6_ .87, 7
80, 0. 78.9 77.6 75.7 76.1 77.5 78.0 78,1 78.6 80,6 82.7 83,5 82.7 86.6 87,6 90,0 901. 0s 0* 136.9
___00 0.. 77.5 76,8 7 78,3 79.3 79,8 80,6 62.1 83.4 85.31 9 86. 89,4 9003 930 91, Ofr a _399

125, 0. 79 2 78.7 82'0 84.2 86,6 87.0 88,3 87.2 87.8 90.5 90.5 90.4 92,8 93,2 9418 92,2 0. 0' 143,3
S160, 0 0o182: 4 2 -8 5 o2 idK9.7 89 -9 92.5 8 _ 9_18__ 1. 7 921 _ 93,8 93, 93;8 991.3.2 --..o...o -; _144!

200, 0. j-o0 83.7 83.8 85*2 P6.4 86.3 85.9 85.7 86.5 89.1 89.6 90.2 90,3 90.5 89,3 89,3 D, O0 141,6
250, __0 A_0. 4 _4 82.7 20__ 81.4 j,9 81 4 81 0 82.5 84,0 86.6 87,0 87.5 88.6 88,2 87.8 8 75 0 _. 3 9 -1.o
315, 0, 79.5 83.0 82.1 81-2 81.9 81.7 84,5 85.5 86,5 88'1 88,8 89,9 89,4 88,0 87,9 86,4 04 0. 140o4
.......00, ..... , 4 8 i;_8;8580 . 8 i 84A1 83.4 85.4 85 8 87.5 87,9 87 870 8 5 ,1 o0 138 8

500, 0. F2.3 81.5 82,9 87.0 81.5 82.2 82,5 82,8 84.1 88.1 86,4 87,9 87,3 87,6 8807 84,7 o0 0o 139;9
630A 0 7, 82,2 855 86;'7 84.1 83.4 82,7 82,5 83:7 85.9 85,4 87.0 87:8 87,7 87,8 84,6 03_ 13 9}

800, 0. 90.7 90,9 89.7 8279 83.4 84.4 84,3 84,0 88.9 90'.6 88,3 90,0 8994 89,7 8912 85,6 0, 0. 142~2

_0_91D- 0 _3.7 84.7 _82 8R80. 4 8R6i. 1 7 B--7 83.5 82.5 86.2 87,0 89,9 86,0 85,9 86,3 83,1 , 0 _ 9
1250, 0. 132.0 81.2 00;6 79.3 78.7 78,7 79,8 51.0 80,1 82.7 84.2 85,8 83,7 83,4 83,3 81,2 0. 0. 136o4
160.- . 0 86,40 85 81.;3 79.4 79.4 79.8 79,4 81,4 80.2 82.4 83,3 85.2 82,6 82,8 82;2 80.6 i _ , 16,9
2000, 0. 92:1 92.3 92.2 8672 82.1 83,0 80,8 84.3 81)8 82; 5 84,0 84.9 84,0 02.9 82'3 81'9 00 0, 139j9

__0 .o _ 86 7_ 8_4.2 3___931._ 077 79 79,9 802 78.7 87 839 85,7 84.0 84,2 82,9 8310 79,2 _O. . _17
3150. 0. 86.0 86,7 83,6 81:2 79.7 78.1 78,0 79.5 78.8 82.5 83,4 86.0 81,2 01,4 80,2 79o6 O0 0 136i8
A-0-0 f 0 90 Y 6 89,3. -8686:9 85.A 81.2 80.1 80,6 8107 81. 4 81.4 85-. 84,9 02,3 81.6 801 O . 3 93
5000. 0. Qo90 90.6 87.1 8679 8 4,0 85,9 84,9 80.9 79 6 80 8 82,5 81.7 81,5 79,5 78;9 7715 0o 0, 139,4
6300 ... 0.- 903 90 .5_91-4 _89. 85.8 84 9 83.7 8315 W29 81,9 84.0 81,4 80,9 80n0 l79.4 -lL__-._14 24 2

0000. O, 89.4 90.9 87.7 8879 85.8 84.5 83,5 82.6 82.4 83.7 85.0 87.1 84.0 80,5 80,1 78,0 :0. 0. 1421
-.9_0, 0_. 8l 89_ _ 88L3 8977 85.1 82.8 82,8 81.4 81.7 80:6 83,0 86.9 84,8 82,2 80:4 77,5 o_, 1_142.9

A _RAL .. 138i 1002i0,6_ 99,9 989 97,9 97.3 97,4 97.3 98.1 100.1 100.3 101.2 101,7 10145 102,7 101,7 13 i_8 1843-1-
?NL 0, 113.7 113.5 113;2 1,120 110.8 109.3 108.8 108.2 108.5 110.1 111.0 112.2 111.5 110.3 110,3 108,6 0, 0,
INLT *D 1L 1 4;16 __1,5a_16, 113:7 112.0 110.3 109,8 109.6 110i5 11176 111,0 112.2 112.7 110.3 110:3 108,6 0_ _a

Figure 150.
00



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf
c

THREE SPLITTER INLET CONFIGURATION

o. 10.U 20.8 30.0 40.d 50.0 60.0 70,0 80,0 90,0 100,0 110,0 120,0 130,0 140,0 150,0 160,0 170,0 180,0

50 0; 025 81.2 81;4 8277 83*5 83,9 85;8 06,3 87,5 88.8 90,5 86,0 94.7 606 1006 1034 0, 0, 16i

6 _0 84. 4 81 8 8o 82.9 83.0 9 ,4 4 858 87.9 89,9 8615 92:0 5-1 9 714 1009 .a 14412

80, 0. 84.9 81.9 8310 814 84.4 85.2 84,5 83.9 84.5 87.2 89,4 87.0 93,3 94,6 97,0 97,3 OD 0. 14315
9 3A_ 813 8 27 8;25 85.5 84.6 85.6 85.6 87.7 89.7 92,5 91.6 960D 97,7 01 979 0, n, 1461L

125, 0. 82;7 82.9 85.8 857 87.9 89.1 91i2 91,1 92,2 94'0 95,8 95,7 98,9 99,9 1016 98,2 01 0O 14846

_.-0 0.. .9 8' SAA4_7. 77 92,0 94.0 93.0 93.7 93. 9 9696 99, 99.8 99;5 97,6 , o, ~.9_

200. 0. 85.3 87.4 89.9 9070 91.8 90.8 90,1 90.8 91.9 94.0 94,. 94,6 96.7 97.7 96;4 95,0 0, 0 147

_4 . 4 1Z,4_._4 89.7 86 7 89.8 86,7 87,8 89.4 89.9 91 1 92.6 92.7 94,8 96,1 9.4,8 94,0 00 0L A% 5L

315. 0o 05'8 87.7 86j9 86'7 88.8 90,0 94,9 94.6 94,9 95,8 94,7 -94,7 95,1 95,8 9406 92,8 0O 0. 147;9

A085-65--23 1 86 937 96.-9, 91 .9 95.5 91.1 92i0 95,5 94.3 94.8 948 954 92,2 0o nA1
500. 0. 90.4 90.7 93,6 90 9 88.7 92,7 94,8 92.7 92,0 92 9 93,7 92.3 94,7 95,6 94;4 93,6 01 0 147,0

6__ -o,- - -a6_8 l77 98 9h 9n.3 91.2 89.4 87.9 91.4 9 1 92.9 92.7 94 3 4.1 930 90.3 0. 0.--1410
800, 0. 89.0 88.9 37:9 8971 88,1 86.9 87,9 88.8 87W9 9071 92,8 92,8 93;4 3,8 90;7 892 o l f 1 4

1_0., 0.9.. 88 8__8_2 86'9 85,9 86.0 86.3 87.0 860 89 1 90,9 92.7 91,4 90,4 901 86.2 O t AA4L

1250, 0, 97.6 86,5 a7.0 84.'0 83.0 83.8 84,8 84,8 85,1 87 0 88,0 90.5 89,2 90,0 88,9 87,0 aO 0. 141.3

_ n19 __ 16_ 85,6 864 82.1 83.1 83.0 84,2 84.9 84:2 85'9 86,7 88,4 88,3 89, 0  
8 7 17  8 6, Oi 0. .

2000. 0. 93.9 93.1 93.0 8772 86.2 84.3 85,3 84,5 85;1 86 2 88,2 87.6 89,4 89, 1  87#8 87,0 Ow Of 4219

_5t.... 0 0.. 6_e6 _9,6~81 85 837 840 850 834 854 87 7 89,7 86,5 894, 99, 8 8i6 89 4 0 1 O4 i

$150 O, 97.9 89.1 88,9 84 851 83,9 84,0 84.6 842 851 87,0 88,8 85,9 86,9 846 84,9 140

4000 0 2 0, B0 . 84,7 84,9 85.6 86.0 848 85,7 88, 88,0 87,5 84,6 0 O_1

5000, 0. 93.0 94.0 91;0 89'4 87.1 88.4 90,1 85.6 85*0 86'1 88,1 86.8 88, 96,. 849 81t9 0ol O 14316

__ 0 0... 90.9 .909 9 0911 189., 87.0 87.3 85.9 87,3 84/'1 84i9 86.5 86.0 85.9 84 9 84,1 Oi i -AA1-7

8000. 0. 90.7 91,4 88.7 87.5 85.7 84,8 85,8 4.5 85.5 8517 86.5 87.1 85,8 84,5 82,4 80,6 o0 0, 143;1

-- 000 0 ._ 88.2 8,2_ 87,2 8,5n 83.1 85,5 83.1 85A4 85 0 88,2 90,0 88.2 86,1 830 8X,3 0 n_ 444;

_MR ALL 13;8 1i2;5 11302l_.21,2 _lof2.n 10.8 103.0 103.1 103.0 ~n~43 105.7 105,5 107.6 108,4 109.1 108. 8 13i 13iSL159

3NIL 0' 116.1 116,5 116,2 113.9 113.4 113,1 114,1 112.8 113.1 114.0 i15,7 115.7 116.5 116,5 115,9 114,1 0. 0.

T . 118.1 118.4 118.1 1149 114.2 114.1 115,5 112.8 1138 114.7 115,7 115.7 116,5 116.5 115,9 114,1 0 O

Figure 151.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nfe

FOUR SPLITTER INLET CONFIGURATION

0, 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90;o0 00o0 1o0.0 120.0 130,0 140.0 150,0 160,0 170,0 180.0
__FRE __I .. WL....

50, 0. 74;5 71.6 69;5 72 9 72.9 73,0 74*9 74.0 75y9 76.0 79,0 78.8 814 817i 8219 83,9 0~ 0o 1tM2
.63, 0, 73.0 70.5 69.5 _Q OL 7n.9 7n.4 72.1 72.2 72 1 731 175. 75,9 76.5 75i8 77;1 79,0 o 0. 1i27I
80, 0. 71.6 70.2 68,1 70.6 70.7 69,7 70,7 71.5 71,7 71.8 73,7 74.3 75,1 75,6 78.0 77,4 0, 0. 126,

_1_.(-L .... 0 .. 69.9 69 5-69473__ -3 75.8 76,3 76.0 77.8 78,4 79.'2 80.1 78,8 80,5 80,0 80,3 787 o n, 11;-6
125, 0. 72.0 70.8 75.7 81:7 80,2 80,7 82,7 84,3 85,6 85.2 85t2 82,3 82,6 843 84,3 80,3 O0 0. 156,9

'160 0. 7119 73. 5 7A 9. l 7.4 -. n. 8t1- 81.2 8-1 B9 1,8 81,9 83.3 81,8 8013 7988 M $12 BOA 9
200,# 0. 7410 75.6 74.5 77'3 77.o0 77,5 77,2 76,2 7 7 95 780' 79,2 80,0 79,8 78,9 774 77,1 01 0. 151,5
.250 . 74.0 74.6 73j7 74,1 74.9 74.4 74.1 73.9 74,4 75:. 78.0 77.7 78.6 77,1 76.4 76.8 . 0.n 1ie9~
315, 0, 75.7 75.6 74;8 7473 75.8 74.2 75,4 76,9 7 7 5 77.0 79,0 81,1 80.6 57,9 77;4 75,7 o0 0, 15313
.400.... 750 75.6- 75.7_4 74.0 7. 3 75,0 74.1 74v3 75.1 77AI 78,8 796 77.9 7$Ai 75.7 at 0. 1iO .0
500, 0. 74.7 76.8 76;7 74:2 74.0 73.3 74,2 74,0 75 748 76,7 77,8 78,3 78.0 77;0 75,5 o0 0, 129,7
630, 7,37. 5 75.2 740 79.6 73.5 73,4 75.3 75,4 78.2 79.2 80.5 77, 75;2 74, 0 1
800, , 750 75.9 75.5 75 3 74, 75,4 75,4 74,9 7547 77t0 80i 83,7 82 4 76#9 7553 73,9 0. 0, 132
_ 0Q. 0.,....73.2 73.9 74_.L4 732 73;6 753 76,4 76,4 762 80~2 83.0 80i3 6.2 2 72,9 ( 1816
1250. 0. 74.6 74.8 73.6 73.2 72.7 73.3 75,0 75.8 75t0 75;'1 78.1 81.0 78,3 7449 72,9 72,6 1 0o 150's
1 0 . 71 _71,7 2 6 72.4 73.n 72,5 74,2 74.3 7314 75"0 78,2 81.2 77.9 73,8 73;3 71,8 ,0 0. 180 0
2000. 0. 79.3 7989 82.0 7874 76,0 77.7 6,3 74,3 7515 75 4 79.2 810 404 M52 74 728 01 01 1B2
2__5a0 . .. 72 .73..573142 754 7i4. 74.1 74.0 73.1 75ran 76. 8149 81.0 00.3 16.6 4~ 0 726 a ft_
3150, 0, 73,3 72.8 72.8 71;3 70.4 69,4 71,3 7.1,2 71v5 73 4 77,5 80.1 76,7 75,3 72,3 70,1 0, 0o 12914
4Q00 1 __ 0. 79.0 77.9 807 7775 77.1 73.2 71,4 71.0 )3,2 72 3 76.3 77.8 78,5 72,1 732 7140 Or O, 10019
5000, 0, 83.5 83.2 80;0 78:9 75i6 75.9 765 73.4 706 1296 784 77.4 73,7 52 89,8 69,1 0 0: 182 1
64_ 0_ O. R18 82.6 84'__83A1 79;9 75.8 ,7075 7 8 80 8, 83 46 79 703 1
8000, 0, 82,3 83.7 81"0 80:1 76.5 74.8 75,0 72.8 71,S 73.5 78i9 80.7 79.1 757 72.7 70,4 0v 0: 134-9
1 909.____ R19__3 _ 82.4 8473 798 77,1 76,2 71,0 700 700 750i 77,8 75.1 22.6 699 66,8 0 0. 1359

OVEYRAL ._ 13 9112__9 7 915 9175 897 89,3 89,9 9 0 .p 90.7 9018 93,2 94,2 93,# 91.8 91j4 9013 138 13,8 1460
PNL 0, 104.7 104,8 104,9 104?2 102.0 100.6 101,0 99.6 100F4 101'3 105i4 106;6 105.1 102.8 180 4 98,8 O 0.
PNLI 0O 107.2 107.2 107.8 10579 103.4 102.1 102,1 100.4 101.4 102:2 106;6 107.4 106;2 102.6 101,0 98,86 i 0,

Figure 152.



0

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 707 Nfc

FOUR SPLITTER INLET CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70,0 80.0 90.0 100;0 110.0 120,0 130.0 140,0 150.0 160,0 170.0 180.0

50. 0, 802 88.1 83;0 78 9 0, 75,5 75,5 76.8 76v9 7876 78,9 76,7 8261 12,7 85j3 86,9 0 0. i 9

-6 & _&. 8 1 8 nL n 77.7 75.6 76i 75.9 778 790 78,6 8240 §2%8 8413 85,0 o _0A_ l 7

80, 0: 78.6 86.6 80.6 76.'8 0. 75.2 73.5 75.4 74 98 75*5 77,5 77;5 80.6 81,6 84 6 82,6 01 ., 182;3

100. n 71 857 8 89 80 76:0 . 77.9 7716 79.1 802 81 9 81,9 82.7 84,8 85.9 87 84,3 0~ lJ

125, 0. i7 5 84.3 823 82.:3 Or -90.1 910 90.2 8815 87'3 90,2 89;0 8842 883 905 86,3 0i O, 1 10

- 10 a - id g 89-2 ' 9 a22-A' o RA.6 86,7 85.9 Asto 8517 87, 86L9 88.2 87.7 862 84.3 g a9

200. 0. 77.j 83.0 81.1 8f'1 0 83.0 821 80,3 81.i 83-1 83.0 83.7 85, 84.1 83;3 82, 0 0, 1B6.~

__250 _. 0 _ -11 i 78 T n. 7Qo 77.8 78.2 791 8n7 87 82.0 84,0 83" 8X3 81.0 n -, 81 814.4

315, 0 78 3 81.3 78,3 78'2 0. 79,0 797 81i0 813 82"8 82.9 83;9 8419 84. 81i9 79,1 0- 0 .1851

._ 0 161 9 _ ZA,9_ 75 0 8 77.6 78 6 79,1 79 0 8076 t 81,1 8117 .9 1,9. 81.8 80.2 07 0 AM.5iy
500, 0. 74.7 79.9 78.8 74 9 O0 77.5 76,8 78.0 78o1 79.6 81,0 80.8 82.9 82,5 81,8 78,9 0O 0. I53 S

_ 3,a a _ 8 7L 8 7L 4 0 77.2 77.0 77,3 783 80:2 85 82.2 84i2 81,9 80.3 78,3 0, 1823 84,)

800. 0. 76,1 79.3 77.j 760 0,- 77;8 77,8 77,2 78vi 81'0 83'3 85.2 84o4 80,8 8013 774 0. O. 184,6

L10D01 14 77. 76 375414 4 3 na 76,9 75,9 77,1 77.2 79.9 82# 58T2 8 80 _P9 6 78 7s42 53, 0, l

1250, 0. 71.1 74.3 74.2 72:9 0. 74.9 75,9 76,9 76t3 78;8 80,4 83.1 79,4 78,1 77,1 75.3 01 0. 1824?

_ QL _ 0 _ 74.2 74 279,1 742 0, 75.9 74i7 76,9 76.3 78;8 79,3 82,8 8041 78, 1 77'1 75,3 O, 2, 3

2000 0. 71.5 72.1 74,4 74'1 0. 73.9 74,1 75;4 76,5 78.3 81,1,2 ,2 8, 8,0 77,5 75.2 0i O, 152%1

25 0 _0 74--_ 9 75,0- 74-9 738 .8 0 74,8 75,6 74,8 7712 80.6 83,9 80,9 8 ,2 78,6 78;0 73,9 01 0 AIJ,5
3150. 0. 78.2 80.4 77.1 74:.' 0. 75.0 73,1 74.1 74,1 772 80,2 82.0 80,2 77,9 76s1 72,4 04 0, 182,i

4~QO_0 0o 52 82.9 84.3 81*2 aO 74.6 73,8 74.1 76v0 75'8 79,0 79.9 829 75, 77;2 74,3 O, O__IS 3
)000. 0.. 876 89.2 85.5 84?2 0, 83,2 80,2 77.1 74;4 77.2 813 78,9 76,4 78,9 7411 72,5 0o 0 1865

__65_1_ 0, 86;4 87.2 8948 80 L 78,3 78,5 78:3 8j,_4 82. 80,4 6,1 765 72,6 O 0L__- 18
8000. 0. 4.3 8 .2 84.6 8 2 0. 80.2 80i3 77.3 75v2 78;2 82,2 85,2 82.2 80,0 77,4 74,2 O, O 188,

100 _ 4_ 84 . 87 4 84 _85:2 0. i,1 80,1 76.0 76.2 75.8 78,4 79.9 790 F6,8 7410 71,1 Q0 __xe Iq

OyERAL__ 13 8 4.5 980 96.0 94:1 13.8 94,9 94,9 94.3 93,7 94?7 96,5 97,0 97., 96,2 96,5 94,6 13,8 13,8 1.a96

PNL 0. 108.0 110.3 109.2 10678 0. 105.7 104.3 103.2 103:3 105,4 J07.9 108.1 107.9 105,5 104,8 102,3 0. 0,

PN4 _ . o 108 0 111,6_110.8 107:6 0. 107,5 105,8 104.5 104j3 10610 109,0 108.8 109,1 106,5 105;5 102,3 0, 0.

Figure 153.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

FOUR SPLITTER INLET CONFIGURATION

0. 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90,0 100,0 110,0 120.0 130,0 140,0 150,0 160.0 170,0 10,0

50., 0 781a 79.7 77.9 78 8 79,0 7915 795 80,7 81 8 82.8 83,7 826 88 89,1 9 V1 95,0 0f 0. 1t9i
63- .. _ 8_ .. . , 9-2 7779 79,9 79.6 79.6 799 812 82W.9 84a0 82,9 860 877 90,8 91*0 O, 0, £17,

80, 0. 79.5 78.7 76.5 75.8 78.7 78,5 78.5 79.5 79.8 82.2 82,6 84i2 87,6 89,3 9019 89,9 O 0 1357'5

10 0. 02_70 77 9  789 8.7 8A.8 80.5 82.0 8 27 85.5 85.9 87.8 91.1 91.9 94.3 90.2 n1. o -I 4

125, O 9015 80,4 83;2 84 2 88.5 89.2 88.0 88.5 88,3 9073 9043 91.0 94i2 943 96j2 912 O of 1841
.10 ._0 .9_ 3 1 -l 869 9.3 89.7 88,7 89.3 89,3 9n-9 91i 91.8 93.2 927 93.0 89.0 A n. y _.
200. 0. 83.0 84.2 84.0 84:2 86.2 85.5 84,7 84.9 86.4 88.1 87,9 88;8 89,0 90,2 90'1 88,1 0; 0 140
250 02 83.1 824. 81:9 83.0 8,6 80.9 82.9 83.7 86 8 8 61 86,9 89.2 89.n 88?3 85.9 i 0n. 129,
315, Of 79 9 84.0 82.2 80 9 84.i 82,6 84i6 84,8 86;0 8T0 870 89;7 89*2 80 880 84,9 0 0, 0it

S4008 83 Ai * 1 At#a 82.7 83.5 83.7 84:8 8676 859 877 881 177 879 85.1 04 a. 189.
500, 0. 80.0 83,9 84;7 89?1 85.6 84,7 86,5 83.6 84,0 857 85;7 8646 87.8 88.5 88;8 84,0 O~ 0. 1600
630, 0' 8311 84.3 86.1 8674 84.3 8.8 81.8 83.1 852 88.0 86;0 861 8 88,2 89,0 84 84,4 , H9,9
800, 0; q6:0 86.9 84;9 82?2 86o2 82,7 80,9 83,9 8342 8770 868 89;8 88$3 8617 852 84 0 O O; 1589i9

8._I_ _L_._79 I.i_8 79 4 82,3 87.8 80.0 813 82:1 83.8 85t 878 843 4.8 854 81 O O i7
1250, 0. 79.0 77.2 781j 787'2 82.0 79.6 79.6 80.3 800 82 7 82,8 85,9 83,9 3,7 82j9 81.0 ci o0 156

.o.0... 78.3 77.0 78.3 77 0 79.9 77,7 78,0 79.9 79, 0  81'0 81,8 849 82, 82i 82,0 80,3 0O Do 15
2000, 0O 8012 77,4 80;2 79;1 7942 78, 779 80.1 8 0v4 8179 8442 8184 844 83i 83 2 86 0D 0 6 1
2500, OQ 799 79.8 79;0 7878 77.8 785 78,5 7.8 8 8 35 859 82M5 831 -281 6,8 78.9 at Di 186

3150, 0, 822 83.1 82;4 80:4 79.4 78.8 76,9 78,1 78.4 81.2 82,3 84;1 82,4 80,9 80-4 77,4 0. 0- 1357W
4000- 89 88.2 88,3 8672 86.1 80,6 79i9 78,9 80o 80'9 83,0 83.7 85.1 80i6 81 9 78,9 0 0, 158 8
9000, 0, 88 491.3 87,3 8672 84,4 88,0 87 3 83.2 79,2 81.2 83 822 81z5 942 7#6 77. Of 0. O lO

6300__ 88 89 .5 15 8974 88,5 85.4 86,1 83,6 82*4 8t1 8246 834i 8144 0o Op8 76 t 0 , 1i IS
8000. O. 87.5 89.4 86.6 857.7,0 ,5 83,0 843 81.3 79,6 814 86i4 86,0 82,3 81S, 78'6 76'4 01 0. 10 09

10000. o0. 8 .4 88.7 87.4 87:4 84.3 82,1 82,3 79,6 7747 78:4 82,a 86,1 84,6 82.4 79!6 75:4 I 0. 6i ?

yOVEALL 13;8 97.6 98.8 98;4 97.9 98i2 9716 972 97.0 97;3 9973 99i7 100,8 i01.i 1149 108 2 1008 138 13,8 13S7
PN 0, 111.4 112.4 111.9 110:6 110.4 109.9 109,5 107,9 107.4 109:4 110,8 111.2 111.5 110.4 110'2 107.5 0; 0.
PNL2 0,. 113.0 113.8 113.0 112'4 111.8 111.6 110,9 107;9 107.4 109'4 111,5 111;2 112,6 110,4 110,2 107,5 0 0

H Figure 154.
D



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf

FOUR SPLITTER INLET CONFIGURATION

0, 10.0 20.0 30.0 40.o 50.0 60.0 70,0 80.0 90 10 000 110.0 120,0 130.0 140,0 150,0 160,0 170,0 180.0

5 . 82.2 83.1 82.8 825 81.9 83.7 848 84.8 869 890 89,9 89,9 94,3 9686 101i9 104,0 O O
3... .0 . _8 06..82 22 .1 8 81.7 90.8 83,9 84.9 85a9 88* 89,0 90.0 92.3 95.6 98 7 99.3 0; 0. igo4
80, 0. 84.6 83.5 82,5 8272 84.2 85.2 84,2 83.2 84*8 87 7 88,4 90,5 93,7 96,2 98 6 965 04 0o1 . 4i. 1
10 . 0.. 2-- .8 8a.9 88 8A.7 R4.5 85.5 86.8 87;9 9n7 91.7 93.9 96.0 99.5 nl'9 98.2 0 nj..

125, O0 83;3 82.5 86,1 88'0 88.3 90.2 -910 92.0 92,3 .94.3 95,0 98,0 99, 1, P( 3 97,6 9O 3s 49'Q
... . 943o 8 9I 7 937 99 92.7 92.7 9' 957 957 97 9 9 100.9 99.2 0 . 0 9

200, 0. 86!1 88.1 88.2 89 : 89,i 90.0 89,1 89.9 91,0 93'1 93,8 95.1 95,4 96,7 968 95,3 0, 0O 146j4
_25__l 5__j0 87. 89.2 8576 86;8 87.7 88.8 89.0 89.3 92.0 9290 94,1 95m4 95,7 9 4q6 92,9 Qt O. -4A -

315, 0; 05,0 87.3 86.0 85:9 88.8 91.9 91,7 90.8 91,2 9238 93,0 95.2 94,3 94*6 94*6 9aiR 0 0 1 6 b
400___0 __. 8 _9. 8  877 96.9 98.4 99.8 92.9 96.1 95T9 9 9 959 952 928 . 14991

500. 0 86 9 89.9 94.7 88.5 90.6 91,7 89,6 89.6 90,8 92'9 91,8 94.6 93,3 95.4 9414 93,7 Di 0, 146.2
_ D , 0l_ 55 862 89.4 87t1 87.n 8 87.0 88,0 89.3 913 920 93.4 93.6 94.1 92;8 90.2 ni .
800, 0; 83:3 84.2 87;1 8677 84.7 87.0 86,0 87.8 88 1 908 91i8 93.8 9i24 9229 91( 9 890 D~ O , 4

_DffO-. 5 84.1--4-.2 T; , 85 9 87,0 851 86;5 890 90i0 923 89.3 918 898 86.4 0 I 0. 42

1250. 0. 1 i 81.3 83.1 82.'0. 82.0 82,9 84,0 84.7 85o0 87'1 87,8 90,9 88,2 90,9 887 87,0 0i 0. 141i0
1__0 .. 0 . 7 2 821 81 1 82.7 82.0 837 832 8518 86 , 89,1 88,2 08,8 880 86,1 0 __ 9

2000, 0 81,R3 82,5 85,0 82 7 82.2 83,8 82,2 84.1 85 4 860 88,0 87.9 89,4 88l9 88 9 86i5 0~ 0. s4o
.2. 9 .04 . _ A 8 4 83.6 81.9 83.8 83.6 82.6 860 87 ,8 89,0 69 84 89 87 9 84.9 Oi420

3150, 0, 86:5 86.2 86,3 8379 8342 81,8 82,9 83,0 83,1 85:0 86,2 88,0 86,4 37,9 85;9 83,2 0j 0, 1401
_4g0 0' 97.2 87.3 90.2 8728 87.1 84.7 83,0 83.0 85.0 85;7 87,0 88.0 89,4 35,7 87j0 85i0 pi 0 . 4i

5000. 0. 89.8 89.4 87.4 8773 84,2 86,1 86,0 84.3 82'3 84'3 87.3 86,3 84,4 8,2 84j0 82,3 Of DO 141 i
6300 8_66 _ 87-.6 895_R 88L87,3 84,4 84.4 83.2 84w7 83.5 84,4 86;5 85,85 $5 824 J O, 1 __
8000, 0, 865 87.6 86.6 84:4 82.2 82,1 84.2 83.3 82.4 8412 87,4 86.2 82,7 84.,4 84;4 80,7 0 0o 141,4
O0, ...... __o2 ._ 84.5 84.3 84:2 81.2 80.1 81,5 79.5 815 835 87,2 89.6 85,8 85,3 865 79,8 OQi .. 1420

OVERALL 13.8 98.9 99.9 101 9 1004 01,6 1030 103,0 ,,3 101. 027 104;5 105,0 106.7 107,2 )18.7 11W02 108,6 13,8 13,.f 1989
PNL 0. 112.2 11.6 114.t 112'3 112.1 112.7 113,2 111.1 U12v4 114.0 115,1 116.0 116,2 116,5 116,2 113,9 Di 0.

PNL .. 112.2 112.6 116,3 113.2 113.3 114.1 114,7 111,1 113;2 114:5 115,6 116,0 117,5 116,5 116:2 113,9 0, 0,

Figure 155.
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QEP ENGINE "C"
1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7) ARC; 70% Nf
c

CONTOURED INLET CONFIGURATION

U. 10.0 20.0 30.0 40.0 50,0 60.0 7o., 80.0 90.0 10o 0 10. ,20,0 130,0 140.0 150,0 160,0 170,0 180.0
--- f -~ -;

50. 0. 0. 72.0 74;6 7470 77.5 74.8 75,7 7741 78.0 7,7 5 79,6 8,0o 82,0 83,8 867 87,1 0 O. 15
____ .... _ .7.... .73.9 75__0___73 78n 74.0 75,6 77,3 78,2 7879 808 81.2 82~o 62i2 84,7 8429 t O i 2 9L

80. 0. 0. 72.5 76.6 72.8 77.4 74.3 75.2 74.6 75.6 76.3 78,6 78.8 80,6 $199 84'3 83,5 04 0. ~517
...100, 0. .01 74.1 75._ 7 7_9.4 776 785 0.1 81.1 n'A 81.8 _83.2 83.9 64 , 86;6 84.6 0 34.69

125, 0. 0. 78.3 8211 8374 84,9 92.0 91,7 90.5 9014 8419 90,9 88,2 88,4 87,5 90;0 86,1 i0~ O. 212 5
.....L60 . o0 78.8 88 839 839 86.6 877 87.2 86.8. 855 j8 88 ,8708 87,9 86 8 84,5 O_ .D__IO0
200, U. 0. 70.9 81.0 81i2 82,0 81,7 82.6 82,2 82,2 82;9 84,8 85,2 84,9 65,2 83,9 83,7 0, 0. 1567?
250, 0, 0 80o.? 81±. 7879 81.7 78,0 78,9 78.9 802 819_81;9__ 81;2 2.2 82, 817 81.7 _g , 144
315, 0. 0. 81.1 80.0 7972 83.0 79,7 80,6 82,9 82,1 82:9 83,8 84,2 84,9 84,2 819 80,7 01 0. 156,2
S40Q 8,0 26 77_( 83v8 8.88" 80, 6 ,1 81 7 80.5 82___84_, 8 6 § 2,8 82'8 8 8 ,
500, 0: O 82.8 85;7 80:0 82.8 79.5 79,6 80.0 817 81.5 82,7 82,0 83.0 82,7 82,7 79,7 0O 0 15,7
630, o. 0 83,4 84,2 82.1 8l3, 79,2 80,8 80.2 80,4 80.9 82,8 82.4 84,0 82 80,9 79,2 Ot _ L,357.
800, 0. 0. 86.9 90,9 8573 86.0 83,7 84,6 81,2 82v2 83o7 83,6 86,0 84,0 02,2 80980801 f 01 15806

19 000 .. 0. 0 7.1 85.9 83 4 85.9 82.0 81.8 80.2 81.4 79.9 82, 0 85.4 81,4 79,4 79;9 76_9 31  r 1 ~6_8
1250, 0. 0. 87.9 88.7 85.2 85.7 84,7 81,8 80.3 81.2 78 7 80,9 83.4 79,3 79,2 79.7 77,9 0, 01 137 3

_16.9 O, 0 103.9 98.3 98'.4 Q95. 99.0 93.0 90.2 93.1 85,9 87,8 90.5 85 0, 85,0 83_ 8 85,7__ ... 1 490
21000, 0. 0 88,0 87.2 87.1 85.8 83.1 80,8 81,4 79,1 80"1 81,8 80,2 81,1 79,3 79;1 77,8 0f 0, 13B7
25 00 0, . 90o1 90 78-8-,_ 869 80,8 81,5 82,1 80-8 8038 _8_2,7 83,5 80 80,1 797 75,8 0L__ 1. 8

0;150, . 0. 94,4 95:2 90'2 91.0 88.2 86,7 83,4 843 81.0 81,8 84,4 81.1 80,0 79;8 79,8 Do 0, 142;5
_00, 0. 0 i 909 -0 9- n 1  88,7 85,3 82.5 82.8 80;0 79.5 8-,5 82.1 81.8 79,8 78i8 77,8_ 0 t. 140 2

5;000, 0. 0. 95.1 93,2 9224 P1.9 87.1 87,7 J6,0 8 2 v0 788 80.7 81.1 79,1 80.0 77,7 76,8 oC 0. 143,0
6300. 0, o0 90.1 930 _92.2 92 _ o8.1 86.0 87.1 -23 80in 8 8__8_~_ 79,4 78.4 79.1 780 1i __0.1~J~ 0
.000, 0. o) 90,P 89,8 8n,2 88.8 85.9 85,5 82.9 81.8 77,9 82,8 86.2 81,9 80,9 77,6 75,6 0. 0 142i

...00O . 0. 0. 88.7 A7,7_ 8 6 89.8 62.4 84,3 81,9 80,6 764 78,5 81.0 78.7 76,7 76,3 73,6 __Q._ .O, 12 0

OVERAL 13,8 i3-8 1.05,9 103,5 _-1023 1.,5 41.6_-991 97,8 98,0 95.3 97,6 98,_4 9_7. 67 971 96,0__.18 131,8 154',
PNL C. 0. 118.9 117.2 115.4 11.4.6 114.4 111,3 109.8 110,4 106.8 108,7 110.3 108.0 107,0 10617 106,1 0. 0.
PN T 0. 0. 124.2 121.0 119' 5 117.8 119.4 1 15.2 112.9 1148 109.0 110,8 113.2 109,6 108,9 108,2 108.7 0. 0.

Figure 157.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nfc

CONTOURED INLET CONFIGURATION

O. 11.0 20.0 3U.0 40.0 50.0 60.0 70.0 80.0 90,0 ioo;o i0.0 120,0 130,0 140.0 50.,0 160.0 170,0 180,0
-- FREQ ie

50, 0. 78.5 77.0 76.5 77"'8 83.5 78.5 79,4 81,0 83i0 82;7 84,8 85.8 88i0 89.9 94s6 95,5 0g O, 1 99
63, 0. 79'7. 77,9 77,7 781 &2__8.3~8___1_,_ 79_ B3a 29 8 _2) 86 9 883 9±iA R3i_ 011_9L._ i ___Ao. il
80, 0. ,0.3 77.8 77.6 76.6 84.4 78.6 78,4 79,8 818 82.3 83,5 84.6 86,7 87,9 90j6 90,6 O0 0 13716

....1 0 ..... 79.6 76.9 77.6 _791 56 80.8 81.5 83.1 85,0n 85.6 86j5  87.8 88,1 91,2 93;6 90,7 0, On 141iA
125. 0: 10.2 81.2 85.1 8374 89.1 90,3 88,9 89.2 89.1 90 0 90,9 91o5 93.2 93.5 95;0 91 0 Oi 0. 1i 40
1.60. 0. 9318 83.1 87,6 871 9o8 92-0_ 90,9 91.2 89 ,3j2_a2_ ,93- 94 9 l;7 9 0 7__.lOl OJ 149
200. 0. 92.9 84.9 04.7 86.1 88,9 86.7 85,8 85.9 87.1 87;8 89,7 90,3 91,3 91,0 9060 88,8 0, 0. 142,0

-- 250, 0, 33:1 82,9 3,7 _.8510_ 8s987 82.7 83,0 85tn 85.9 8 8.0 86. 87,9 89t. 87L 9 86,9 _ - 189 L9
315, 0. 34.7 84.2 83.7 88 2 90i9 87,8 85,6 88.2 88,1 87;7 90,7 90,3 89.1 88, 89"0 86,7 0 a 0. 142.2
400, 0. 36'8 84,7 85,5__ 89 93___8_qi i 91_ 88,0 887. 916_. 911 A 88,1 889 868 D. __-_i 3.6
500, 0. 97;5 87.7 92.6 91.8 89.9 85,8 85,4 91.9 87,9 86;5 89,7 89.0 88.0 89,9 90;6 88,6 0, 0, 143;2
630. . 91:0- 98.2 _950 26 92. 90,1 87,1 89.5 88.4 85.9 88,2 89.2 88,4 92,5 9 0eQ 86,9 04 n, 146
800, 0. 96.8 97.4 98.1 96 2 97.9 92,8 96,0 88,3 91,1 88.0 90,2 92,4 90.3 89,1 911 88,8 Oi O0 147,6

1000. o. 95.0 93,2 95 0 91.2 94.4 91j0 90i9 88.4 9115 90o0 920 90.3 89,3 906 872 84r8 2 0 i1;,4
1250. 0. 12.8 93.0 93.8 92.1 92.0 92.1 90,0 88,4 90,2 86.7 87.7 88,2 85.2 86,0 85,7 84,6 0; 0, 14411
1600, 0, 78.9 98.4 98,9 95 4 93_3 9 9 93,8 93.2 88 i  86.8 86,7 87.3 86,0 85,3 86:0 84,7 0~ O, 69
2000, 0. 1412 1032 103.9 100 2 98,3 97,0 97,9 99.5 92,2 89:2 909 90.6 89.2 88,2 89i2 89,2 0. 0. 1518
2500, 0, 95.8 97 97.o 97,0_96L2 94~8 89 8 91,7 91j2 88t1 86$9 88,7 859 85,1 85 848 8 8 _ _2
3150, 0., 3.9 95.2 96.2 92 2 9j.1 88,0 89,1 86.4 87,0 83.9 85i, 86.3 83,1 81,4 82,9 89 0, O0 144,0
400o 0, p7,9 95,2 9 9 96 _292_7 91,9 90,6 90.9 86.9 84.7 85,7 86,0 85,8 83 83j5 83,6 O a 1WI
5000, 0. 95.2 96.4 94,9 94 1 92.4 90.9 92,1 90.2 88.0 83.0 83,9 83,3 82,0 83,0 818 8900 0k 0, 145,6
6300, 0. 94.9 93.2 95 2_ 9 4 92,3- 9.0 90, 9 91.5 88vi 84:1 84,7 84. 1 82,s1 814 82j~ 81,0 0 0 6 i16-
8OUO, 0. 92.0 93.9 92.8 92 9 90.8 89.5 90,9 88.2 86.8 82.6 85,5 85.9 83.1 81,1 79,9 78,6 0. 0, 145,6

1A9.000 0. 99.15 90.0_ 09.7 910- 88,6 84.6 87,3 84.9 83.6 79.4 82a3 84.7 84,6 80,9 80,4 77,6 Oi 0 j_ 4i1

OVERALL 13.8 1.j8.4 108.3 1871b06 _062 103.9 104 ,5 104.3 102,0 1.006 *02.4 102.5 102,3 102,8 10317 10213 13,8 13,8 81.989
PNL n. 122.1 121.8 122,4 120.1 119..2 1172 117,8 118.2 114.3 112;0 113,7 113.7 112,6 112,3 112.8 111,7 0. 0
PN..T_ 0, 125.3 124.3 125.1 1.2179 120.9 119.0 120,1 120.6 1157 1120 114.8 115.0 113,8 113.3 114;0 113,5 0. 0,

Figure 158.
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QEP ENGINE "C"

1/3 OCATVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nf
c

CONTOURED INLET CONFIGURATION

0. 10.0 20.0 3u.0 40.0 50.0 60.0 70.0 80.0 90,o to10.o 110. 120.0 130,0 140.0 150.0 160.0 170.0 180.0

50, 0 83.5 82.0 81.7 82.7 85.8 82.5 83,7 85.8 868 86. 7 89,6 90.9 92,8 95,0 10197 103.5 Ot O 1 36
1 0 8 _37 82o0 , Qll_ i 1 _ 6, 8,.8 83.6 85,2 87p0 86.7 89,7 91.4 92,2 93.9 98io0 99,8 at __A 4 11

80, O! 04:5 83.8 84,3 82.6 87.3 84,6 83,2 84.6 8515 85.5 88,6 90.9 91.9 93,6 9616 96,3 0, 0. -143*0

___J . p46 83,1 83;,.63. 87,9 89.9 84,8 86.8 87. 89.7 9.1_9_ 933 94,9 97.i 100in 96.8 O t___0 .__145t6
125, 0: 851 85.2 86,9 86'1 91.0 88.3 90,2 91,5 92v3 93.3 94,9 96,6 98,2 99,5 102,0 97,1 01 O0 1481
160.... 0 86,9 88.1 -91 92_92 0 93.0 9. 93.6 92.2 P 40 93b7 961797 9_ 99P -1009 968 __L 0 . 9L
200, 0. 86.6 07.9 88,9 90:3 92.1 90.1 88,7 90.3 92,3 93.0 95,0 95,1 95,9 97,1 97,0 94,7 0. 0. 146;9

-o1 _ -9 1 8 7 _3l RbB >_ 9n.4 8s.8 910.7 90.1 91.1 1 9 93. 2 94.93 05. 95 7 - .. 145i5
315, 0. 88 8 92.5 90.8 91'.3 94,9 93.8 96,7 99.1 97,3 93.1 94,0 95'1 94,0 94,9 9510 92,9 0. 0. 148,9

.4_0 . 0 . 91,9 922 9_7!6 9 8 A a 9 104.7 103 5 I 00,8 95.9 967 l. g,_ 97,2 93,9 97,9 96,9 99_8 _ ... ... ?0
500. 0, 07.8 99.2 98.6 99:9 103.6 100.7 103,5 101.8 102.8 100.9 100.5 94.2 95,8 95.0 98,7 95.7 0i O0 15419
630. . _960 9 7.3.. .100,. 98.5 99 . 98.1 99,1 96.5 96.5 91. 95,2-- 92.6 93,4 94,I 95 _ 9 1_ . Q0. _1509
800. 0, 97.0 96.4 96.8 93:0 95.0 97,1 95,8 93.1 96,1 93.3 94,1 94.5 94,3. 92.9 92i0 90,7 0. O. 148rB

__100, 98,1 101.3.0 97.'5 98.3 96. 94 9 613 96,59_ 93 9_ __4. 9,2 92.9 93 91l I 0, .i49

1250, 0. 9.0 98.1 97.8 95.3 96,1 98.8 93,7 93.3 94.1 90.1 91,0 91.4 89,0 92.2 91_8 88,7 0, 0. l148,

- 600-, 0 97.9 96.2 97.9 944 94.1 97,0 93,0 92.2 92.1 89,0 89.1 89.4 89,1 90,2 89,9 87,7 0, 0. 14 7 1
2000, 0. 10l.9 101.3 100.2 9P.2 96.0 95.2 93.8 94.2 90.3 890 90,9 88.5 90, 89,4 0 88,8 0, 0, 149,2

25Q0. O 100.6 99.3 99.9 9869 95.8 92.5 93 ) 93.2 91. __ 688.0 889 89,j 89,9 86,5 _. - O , 1480
3150, 0. 16.2 97.3 98,1 95.2 94.3 90.3 91,1 90.2 90,3 87.1 87,9 89.4 86,4 87,1 87,2 85,8 Or 0. 146,7

400QD 0. 98.7 96.0 6.9 96.9 93.7 9.6 90,7 9.9 88.0 87:6 88,6 88.1 88.8 87, 878 878 8 ... 0. 147,3

5000. 0. 96.1 97.5 94.9 94'.4 93.2 90.0 90.9 90.4 88vi 84.1 86,9 86.1 85,3 87,3 85;1 82,8 0. 0. 146,
6,300. 0 952 94.3 95.2 955 .D_ 88.2 88,9 89.1 87,3 85'.8 86,9 86.2 86,2 85,7 86;8 84,1 O . O 4 0
8000, 0. 92:0 94.1 92.7 93:9 89.6 88.0 87,8 87.1 87,1 83.9 85,6 85.3 85,2 84,9 82,9 81,6 0 0 .454

10000, 0. 89.7 9 0 .1 89.9 91.8 89.5 83.7 85.3 83,9 84j9 82.7 87,7 88.7 86,7 84,9 83,7 80i6 0 0. 145,

o0ERAL L 13.8 109.5 109.6 096 108 _ 9 109.5 109,4 109,3 108.2 107,8 1,06.0 107,6 106.7 107.1 18t 110;0 0913 , 13, 162 5
PNL 0. 122.8 122.3 122.6 121.7 120.5 ,19,4 118.9 118.4 117.9 115 9 117,0 116.5 1163 116.5 117.3 115,9 0. 0.

PNLT 0. 124.1 123.8 123.3 1229 121.7 120,7 119,6 119.5 120;1 118.3 117,6 116,5 116,3 116.5 117,3 116,9 0. 0O

Figure 159.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% Nf

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

U. l).0 20.0 30.0 40.0 50.0 60.0 70.0 8U.0 90.0 1000 O110.0 120,0 130,0 140,0 150,0 16040 170,0 180.0
.... -RE - ..-

50. 0. 0. 69.6 69;2 7328 72.2 74,6 71,8 71.6 73i8 744 7642 77i7 79,2 79*4 8j5 82,4 Of . O 1 g~
-3 t . 7.0 0 8 6 719968 736h 2 71.9 72ti 7,9 7.2-7 75-1 75.5 75.9 786n 79.6 io4.t16s 9

80. 0, 0. 69.6 68.4 70.6 70.2 70.4 70.5 70..8 70'8 70.3 72.0 73.7 74,9 75.5 7796 77 15 01 0, 135;9
....100 -- o -. 69 2-69,8 4 7A.0 7-7 75,2 78.1 781 777 77.5 78.0 79.3 79. 809 78,7 n. o. -38-

125, 0. 0. 78.1 80.2 8673 87.9 81.1 83.5 83.3 871 86'i 0 851;0 87;4 877 89;0 89;1 85,2 O 0 139
160.. 0 .0. 74,1_16,5 791 7~.9.9 8 .7 810 8.2 80,9 8to 80j 82,3 82,6 83,0 81;7 79,9 Of ~ ,_1S4j B
200, 0. 0. 75.2 75;6 77.2 77.8 78.2 76,9 76.9 77.2 77.7. 78,6 79,3 79,7 79,8 76,8 77,9 0, 0. 13114
..., . 74. 2_ 7 8 73._9 7_46 74.0 74,0 74.0 749 757 75,8 76,. 77,6 76,7 76,0 76.6 Or 0, 12t_
315, 0. 0. 74.2 74 8 74.0 72.9 74.8- 75,0 75.9 76t9 77.0 77,'8 79,1 80.5 78,0 75,7 75,0 Ot O. 130.4

7400273,, 0 .742.23. 72 229*8 7 .7 74.2 74,1 74w8 74;9 75i5 76;2 78.2 77.9 76;9 75,8 O --l9 l
500, 0. 0. 75.8 75.4 73.8 73.5 73.6 73,8 74,0 74v6 73.8 75,4 76.0 77,2 77,6 76,8 7417 O, 0, i12;9
63 __ 76.. 3 77.9 77.0 74,7 74.1 74.4 74.1 74.2 74 8 76,7 78,1 78.7 77,2 5 74.0 o
800. 0. 0. 78.2 77,6 76:'9 75.9 76.1 75,9 75,0 7612 76q0 7809 82,2 81,8 7,8. 76,0 73;9 O; O, 11 9
_ 0.... ..-. 79,6 77~. 771 2 75,8 75,.3 77,4 76.2 76*3 76.9 78,7 81,6 80,7 75.9 1950 7219 Of 0, 1 8
1250, 0! 0. 91.1 90,8 86'1 87.7 86.9 84,1 80.1 80*2 78".8 78,6 81.4 78,6 77,0 76#1 76,7 07 0. 138i

1 6o. 0, 0. __ 83.4 82.8 80:2 80.1 79,3 77.1 76.3 7 6 y0 75.8 76.7 79,5 78,4 7 5,1 7 4i1 74,1 0, 0: i32
2000o 0. 0o 86.3 8579 80.6 79.2 82.2 76,4 76.2 75,4 76.2 78,7 78,3 807 77,0 712. 7s,2 0 0 134;2

0. 9. 0 87.9 85.9 852 81.9 81.9 79,2 77.1 7716 78.8 80.7 81,4 80,4 77,9 75,9 739 'Of 0, 139,9
3150, 0. 0 83.2 83.8 80.4 79.2 75.2 74,4 73.4 75r4 74.1 75,8 80,6 77,5 75,2 73 2 7249 0i 0, 132,7

400 l0... , 86. 9 86;8 84;9 82,8 81.1 78,9 77.1 754 74,6 76,5 77.2 79,6 75,8 74 9 738 0 ,1 35 ;7
.5000, 0. 0O 86.4 85,8 85'4 8j.j 81.0 80,5 75,4 751 73.9 76,0 76;2 747 259 91 710 07 0O 1H5,

6_00i 0... , . , 81 8__ 98 2 86,9 82.1 79,6 77.5 77v4 76.9 8048 84,4 79:9 78,3 76 2 74,1 0 o 1 88l1
8000, 0. 0. 86.0 85.9 85-0 81.7 81.1 80,3 75.9 75r8 73;9 77,8 81.4 79,7 78.0 73 7 71,6 0; 0. 13714

10000. . _ . 85.9 84;5 841 80.8 79,. 77,8 74.1 7 6 ,0 71.8 74,6 77.9 76,4 74,7 7 695 0 13

OVERALL .13,8 _13.8 97.5 97.0 95.7 94.9 93,4 92,1 90.6 91.8 91'3 92,2 94.3 94,0 93,4 929 913 13,8 13 10842
PNL 0. 0. 110.2 110.0 108.6 107.6 105.7 104,2 102.3 102j4 102'5 104i3 106.5 105,2 103,3 101j6 10015 O, 0,
LT 0 0. 113.4 113.-5 111' 1i 0.8 10R.9 106,5 1U3.6 103.8 103'17 105,4 107.7 106,4 104,5 182,9 101,6 D0 0O

Figure 160.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nf c

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

0. 0 o.u 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90,0 100;0 110,0 120,0 130,0 140,0 150,0 1600 170,0 180.0
..FRE .

50. 0. 72.8 71.7 72;9 74:9 73.8 75,7 77,1 76.8 77;4 '76 6 788 81,1 81ie7 02,6 8615 88,0 Ov 0, 3
63, 0. 7728 72.8 72 75 2 74.X 7A.n 77.1 76,0 78in 78,1 79.1 80.0 80.9 82.3 84.8 86.3 po n. 12j
80, 0. 74:6 72.4 7118 72.7 73.6 74.8 74.9 75.6 75v4 76;4 77,9 78,7 80,7 61,9 84;6 83,7 0O 0, 13116

100, 0, 75,8 72.9 73'8 760 77.9 7.8 78.9 80.9 80.7 n9 82if 83.8 84.0 $4.8 87;6 85 . 0.
125. 0. 76.9 78.9 83,3 82.1 87,2 93,2 94,4 93,6 881j 8710 90i6 90;3 87,4 084 924 88,2 a, , .39

. 1602 0. 76,9 77,9 81 8 82 A.. 88.2 89.1 88,2 85.6 85.6 88,1 87,9 87,0 87,3 87 6 849 a* Do i4al
200, 0. 77.5 79.8 80.7 81'7 81.8- 83.0 83,1 81.1 8215 81'8 83,1 83.9 83,7 85,1 83t6 83,1 0. 0, 1386
250, 01 .77,7 78.7 78 79 ..22._ 79.9 79.1 792 80.0 80,8 8n 7 81,9 82.0 83.1 830n 8;9 82,0 , .p. F
315, 0. 78.0 79.0 79.1 79'1 792 80,.9 81i2 82,0 81,6 83.0 8312 85,0 84,9 83,0 82,0 80;0 Oi O, 135,9

400, 01 79,5 77.9 79 .1- 7 8t1 78.LL2 79.8 78 . 8  8. 805 8n7_ 9 82. ' 83. 81.9 82;:a 799 n. n. . ,- 4.4
500, 0. 78.5 78.6 80.0 77;8 77,8 80,0 79,9 79,8 797 79.6 B1i 81,1 81,7 2,1 81,6 79,1 O 0. 154,0

6301 0 79.9 80,2 8f0t2 79.4 77.9 79.4 78.6 79,2 78-;8 80 813 82_4 j 82,-4 81 5 81j0 78,4 0 L___p_1 13
800, 0. 15,7 84.8 82,9 81 2 81,0 81,0 79,1 79.3 79,9 801 83,3 85.0 83 2 41,3 81 1 773 01 0, O 15

1000, 0. A5.1 84.8 81.4 81 3 79.4 79.1 79,2 79,5 79 .1 79.9 82-f 84,4 81,3 79,4 79,9 76,2 O O 5 I s
1250, 0 86.0 85.0 85;9 81; 81.0 81,2 80.3 78,3 78.7 78.8 80.3 82,3 79.2 78.0 79,1 76,3 0, 0, 135;2

2600o 0, 06-1 97 97 97*1 9 4 _ 33 1 943 87, _1 _ 85L0 81 9 8 5, 84.4 82,3 81,4 82;0 8 13 4O n_ 1 4 9
2000. 00 87.2 86.9 87 4 844 82,2 82.4 80,3 80,2 7 7v 9 79 0 81,3 80,5 81,4 79;4 79i0 76,5 o 0, 136~1

2500, 0. 89.7 90.0 87,8 _868 _83L9_ ,it S2,0__ 2 795 8017 83_.2_82,9 80,1 9.9 7910 759 _ _._.8 2
2150, 0. 93.2 92.0 93.4 8973 87.1 82,3 83,5 81,4 82v0 79.2 80,2 83,2 80,3 78.4 7819 77,4 Or 0, 140i~

0000, , 19.9 90.9 90.1 88.7 _858 63,7 82,1- 80.8 78j5 78;9 79,9 81.6,] 79, 78_6 76,9 ~4 _319
5000. . 94*1 92.2 91.0 92i1 86,2 86.9 86.3 83,0 80.7 78~1 79.3 79.2 77.9 78,2 7619 75 1 Q, 0, 1i 4

6300. O. 49.2 93.2 92,1 91*4 9-?. 87,3 85,1 85,4 83,0 80. 2 81,5 83,4 80.0 78, 78;9 76,4 i g . 4 7

$000. 0. 18.7 88.7 39.9 89-0 85.1 84.8 83,9 81.9 80.8 78.0 82,1 86.1 81.8 80.9 77,9 75,2 0, 0, 141 4
1c000, 0. 85.6 87.6 87.8 877 84.6 82.6 81,7 80.6 79,3 76.7 77,9 80.9 78,6 77,6 76,7 72,9 D 0. ~! 6

OVE;RALL 13.8 191.7 102.1 112.0 10.074 98.4 99.2 98 ,8 97.7 95.4 94.8 97,0 97.7 96,5 96,3 97.7 95,9 18 -8-1 352@,8
PNL, 0. 115.2 115.0 115.4 113.7 111.3 11i.2- 1~ 7 108.3 ioli 105.9 107,9 1.0 1~07.3 106,3 106,3 104,4 -0 0.
PNLT 0. 118.4 118.7 119.3 117:4 114.9 115.0 113,0 111.0 1093 105.9 109.4 110,0 103 106,8 107,1 106.1 0, 0.

Figure 161.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 80% Nf

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

U. 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100;0 110.0 120,0 130,0 140,0 150,0 160,0 170,0 180.0
_ REo , ..

50, . 76.5 76.5 77.7 77.7 76.8 78,7 78.8 80.0 81,4 819.5 8310 85.0 86,8 08,8 92 7 94,0 0, 0 18,4
63, o. 78.7 77.3._780_. ._. 77 ,q7819 0 2 80v6 8170 880 1. .0i_3_4 851 87.2 90n7 9 2. 0 __ .. -0.4 7
80, 0. 78.3 76.7 78,6 76;4 76.9 77.8 78.9 78.9 79.5 80 7 81,9 83,6 85,4 86.8 90'3 89.6 O O, 136;4

100 ..... 7819 75.9 ..78.8-_19 8n0. 8n.8 81.2 83.0 83-4 839 85.8 87.8 88.7 9097 92;8 9 n,0 no . 19
125, 0. 79.0 79.0 83.3 842 88.2 87.4 90,6 88.2 88.0 89 1 90,3 91,3 92,4 93,6 95.2 91t2 0 0O, 1435

_160,. ., 78.6 82.0 a 5;9 -87.71, _ __69, _ . __ 9 8_92_.1 3__.911 , 92;9 89,1 01 O ...... 0,-.1 4
200, 0. 80.8 82.9 84.8 84:8 86.1 85,7 85,1 85.8 85,5 86.8 88,2 89.0 89,0 88,9 88,8 88,1 0, 0O 140,5
25-o. . L0, - 07 _ 81..7 __BZ.-B32 1. 1 83.1 82.9 83.5 851; 863_ 86.2 87,8 88,0 87.3 86.9 0 0 1386
315, 0. 79.9 81.9 82.1 8279 81.2 83.1 84,3 84.9 84i8 86:0 86,9 88,2 884o 87,0 87;0 86,0 Ot 0O 15912
_.r.O -...- 0. 32.1 81.7_82_.8 1 82, 889 3,= _ ,9 83 35 84 9 8.9__85L_ 86.0 87,0 86;_8 84.9 _ 18,1
500, O, 1346 82.8 88.0 8570 84.8 84.7 83,9 83.0 83.4 8319 84.8 84,9 86,7 87,1 878 84,1 0, 0, 138i9
6 3. 0. __91 90.1 93.5 90'.5 88.2 86.1 84,3 4,4 84,9 832 855 85. 86 8686,0 865 87,0 83,5 0i 0 O1 ,
800, O0 91.8 93,9 88.9 8771 85,0 87,2 87,3 86.2 85.9 8418 87,4 88,2 86,1 85,3 85;8 83,9 O0 O 1 1l3

10_10 .- 91i,3 9583 90,2 __7Li8 T 85±5 86,1 8854 1 85 89 85, 881 840 4, 849 82,2 0 i
1250, O, 90.9 89.0 91,3 89.2 85.3 85.2 85.3 82.2 82,9 82'0 84,0 85.3 82.9 03,2 83,0 81,0 0. 0O 139,7
_6_, .0,_ 97. 96.0 96.;1 :_3 9.5 9n.2 89,3 87.1 85.0 4 84,485 83,2 83, 838 82-.1-r J I 0
2000, 0. 101i0 100.1 99.5 9775 94.3 94,3 91,7 90.3 86*3 8773 87',3 86.5 85,3 84,4 85;o '85;5 0o 0, 147 6
250 ... , 9.4.7 93.8 93.2 92 -- .3 9,0 880 86,1 83B 84 _ 86. 84,9 82.8 03,1 -83;7 80,9 o - 133
3150, 0. 94.3 93.3 94.1 8971 88.j 84.1 84,5 82.3 84,1 8129 82,2 85,4 81,2 80,3 81,2 80,1 0i 0, 141p6

-40_093 . 6 94.7 95.R 93.1 91.2 89.1 87,1 85.8 82 7 82.6 83,0 83.8 84,7 82,8 82i6 81,0 Oi 0 1439
5000, 0, 9q6, 93.1 93 93:1 89.4 89,3 89.2 85.3 83,7 80'B 8 1.,0 82,0 80,2 62,2 8068 79.3 0o 0. 143
6300, 0. 92.2 95.3 94.4 9374 92.2 89;1 87t2 86.3 84i6 81,,8 82,4 83.3 80,9 013 81, 8 0,2 O O. ~L4 6
8000, 0. 91.9 91.1 91.9 920 87.7 8 87.7 87.2 84.1 83.7 80B 7 83,2 84.9 81,6 8009 79,9 78,2 0, 0, 143 6

i0000. 0. 97.4 89.6 88.5 9 0'7 86.9 84.8 84,0 81.8 823 78.7 79,7 83.9 83,5 80,6 79.4 77.9 0- 0o12 9

OVERALL.. 13806.0 105.8 105.6 10379 101.9 101.2 100,5 99.1 984 98^4 99, 100.5 100.5 10101 102,3 100,9 13,8 13,8 1_60
PNL 0. 119.6 119.2 119.1 117 4 115.1 114.6 113.2 111.7 1101 109.'8 110,8 111.6 110.7 110.2 1105 109,3 0. 0
PNLT 0o 122,1 121.9 120,8 1191 117,0 116,3 114,2 113,6 110,1 110.9 110.8 111,6 112,1 110,2 11045 11016 0. 0,

SFigure 162.
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QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nfc
c

LONG INLET WITH 24" MPT TREATMENT CONFIGURATION

0. 10.U 20.0 30.0 40:0 50.0 60o0 70,0 80,0 90.0 10 0. 110.0 120.0 130,0 140,0 150,0 160,0 170,0 180,0

--5--0, 0 0; 79.8 79;5 8179 80.5 82,7 83,5 84.5 87,0 8645 88,2 90.8 92,9 95*,6 006 103,4 0. o ,1458
63 . . 8 968.'2 8. 8;.1 84.1 84.9 86,3 85;7 87t8 9o.0 92,2 94.0 96m9 99t9 a. #.aiA3n1

80, 0. 0' 83.8 83.2 8278 84t6 86,7 83*8 83.2 8407 85'3 87.1 89.6 91,9 94,6 9615 96,5 0o 0, 1421,

10 -. 0 0, 80.4 0a5 _82 -2 84.0 84r2 85.9 88. 1 886 9n, 93.1 95.2 98.n inn;7 96;9 n. nr._4j
125, 0. 0. 81.6 83,8 8672 86,9 89.1 89,5 9102 91,4 9340 93,8 95.4 97i6 100,2 1020 96#9 Oi Do 148;1

_160.. 0,.. .. 01 861 89.89_.. e2 9 9 18 3,4 93 7 94. 971 _ 98; 99.7 9017 95.8 n . -, 4~A8

200. 0, 0. 87.6 87,8 90 1 90,0 90.2 90,0 89.8 91-3 92.1 92,8 94.4 95,5 97,0 95i9 94,7 D0 0, 14612

025 . 0 851. 848 87 876" 89.2 89,3 887 89.4 89 "8 91,6 93,4 94.2 95.n 93.7 939 0 ---L4.,4l

315, O 0 87.5 88;6 89 0 86.9 89,0 92,0 91,1 90.4 92.1 91,8 94.1 93,5 94, 9537 92,6 O 0. 453

4.. .. 0- 89,A 89~6 86934 9 9 6.0 9212 96.0 890 92.9 91,7 93.3 934 95,7 9415 91,6 na n, i1

500, 0, 0; 88.0 90.7 89:9 92.5 95.7 98,0 91.9 93,1 92.6 93,4 92,9' 92,3 94,6 9315 -91,7 01 0, 147p4

630,. ___ .___. 8 .6 91.8_ 881 91,9 94,1 91,9 90.9 90,2 89:9 89,6 92.5 927 929 92J8 89,7 0;.0L45 1

800, 0. 0; 92.4 90.7 8971 86.7 91.2 87,9 89,0 89,1 89.1 90,6 92;6 91,5 91,8 90,7 89,0 O~ aO 14 42

_AO0, 0 * 96 89-A2l 3 .9. 9-; 92, 90.3 89.4 88-2 88.f9 916 88.6 9. 9 .3 9011 ,879 Di (L -1516

1250, 0. 0. 96.4 95.8 9172 91.9 92.2 93,0 8,.7 90.1 85.9 87,6 90.2 87.1 89,9 89j0 87,0 0t 0, 1451.

1600 0 . 9 .3_9_34_ 89_ _-a 90 1 90,- 9 868 88 n 6 i 8691 9 88 87 5 R8 8A78 87.0 0, 4._1 3 6

2000. 0, 0, 99.6 100 97.3 96 1 96.1 92,3 91.0 89.7 87.9 88,, 86.5 89,5 90,1 89j2 88,2 O0 0 18i,1

8500, 0. 0. 97.6 95,9 9573 92.7 93.1 91,2 89,7 89,3 88'0 88,5 88;0 88,0 88,8 88,6 85,9 0 6

3150, 0. Q. 94.7 94.7 92^3 90.9 86,3 88,1 85.2 88-3 84.9 84,9 88.5 85,3 86,1 85!9 84,9 0- 0. 143o7
4000, 0. 96.5 95.8 95.0 92. 90.1 89, 86,8 86-2 85.8 86,5 87;2 88.1 88,0 86 6 85,9 0, __0A 45

5 000. a. 0 94,8 93 8 952 909 90.3 89,4 86.1 8772 84 1 84.8 85.5 84.2 86,8 84,9 83,1 0i 0 1947?

63Q0, 0, 0 95.8 93,9 9', 4 n 89,1 87,1 86.2 87,5 84.0 84,7 85,5 84,4 84,8 85 9 84d 0-1 _ 4 5 A1_

8000, 0. 0 92.3 91,7 92.3 88,9 87.0 86,9 84.9 87.0 827 84,3 .85.3 83,3 83,6 82;8 80,6 0, 0, 144;0

-..000, 0 . .90,28;7 91--2 875 83.7 84,0 81.7 85.2 82.8 85,4 88.2 85,2 83,6 82;5 80,5 0_, ._4140

OVIRALL 13,8 13.8 107.0 1065 1054 104.7 105.2 104,6 1,03 103,2 103-1 103,8 105.6 106,2 108 ,'109,1 108,2 1308 3,3 59,5

PrL 0. 0. 1202 120.1 1188 1175 1i7.460 114.4 1146 1135 114,2 115 115, 2 116,1 4,3 0v 10.

.. 0 0: 121.4 121,9 12073 119,1 118.9 118,0 115.2 115-8 113.5 114.2 115.5 116.4 116,1 115;9 114,3 0, 0.

Figure 163.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 60% N
c

LONG INLET WITH 36" MPT TREATMENT CONFIGURATION

0. lo.0 20.6 30,0 40.0 50.0 60.0 70.0 80.0 90,0 1000 110,0 120,0 130,0 140.0 150,0 160.0 170,0 i.0-

50. 0.  73*0 71.7 73.7 77'4 75,9 73,7 74,7 74.6 76,9 78'.4 80'6 81,9 83,5 81,6 83;5 83,0 Q0 0 12j5
.. . O. 73. 69.9 717. 9.9 70..8 69.9 7219 72.8 71 77-7 7735 4.7 76.9 764n 77;6 78,1 ni __. 127
80, 0, 70.6 69.5 71.3 68R3 70.7 69.4 70,8 72.4 73,7 73"3 74,3 74.4 76.2 75#6 782 77s7 0 0. $1270,

-100 ..... . ... 70 69.Q __2.72. 3 77-. 73,1 77.1 77,7 78,8 79 79.8 79.7 81.0 81.n 82 8
125, 0. 71.5 75.2 79.2 78"8 82i2 82.4 85.4 84.3 822 8329 88,7 85.0 85,0 82,2 840 82,1 Q 0, 137,

.160, 0. 73,0 74.5 .. 7777_ _7_7 9 __ 80 8 0_ 81, 80,1 801 9 8 _ 82L 8_19 ,82. 81 7 809 801 *i -.O_.4 2.
200. 0. 74:3 75.0 76.7 75:9 77.8 74,9 76,1 76.0 76,9 77,6 78,8 78,8 78,7 78,8 76.9 77,1 0O 0. 130,9

....250. 0, 74,0 73.8 .7619 _3.i9 Z3 79.9 73.9 75,1 77. 7.7.1 6 8 78.0 78,9 78. 0  77,5 76.8 . 5.fSl04L10
315, 0. 76;0 75.0 77.0 73^9 74,2 72.9 75,2 76.0 78,2 77,7 78.7 78,8 80.1 V7.1 77:i6 76,1 O O0 130 8
400. 0. 74',2 72,6 771 7 8 7j9 739 7 5-n 77. 56__77_LZ 77.0 *78 , 9 78.8 787 76 --.- lI'0
500, 0. 74*1 73.8 77:9 73'5 73.0 71.7 74,0 73.8 75;7 75.7 77,4 76,6 78,8 78,9 77,4 74,6 O, 0, 129 !
630, 0. 75 5 74.9 80.1 7-95 2 A -A . 272.A 734 74. 7 l11 5-78. 93 81.3 7 721 751 i 73.3 i . -130 ;
800 O, 79'1 77.7 79.1 76..8 75,8 73,8 75,1 75,0 76,1 77.9 80,1 82. 82,8. 77,0 75?5 72,7 Q0 0' 13 2 3

100. 0. (1 6 80.3 78 ~7773D4 751 74,9 75-3 7814806 5, 47 7,2 -___O .. 9
1250. 0. 92-1 90.0 89.1 88-0 92.0 87,3 82.9 79.9 78.177 78,9 78.6 80,1 74,7 75,8 74,8 0' O. 1395
1600, 0. 84.2 83.0 83.0 7802. 82 4 .2 . 13 75.2 7A 8? .9_28,9 74 7 4i 22 ~ __ ., A 73j
2000, 0, 837 81.5 83,5 7923 76.3 75.6 75,3 75.4 75-5 76;3 80,4 79,5 80,3 96,1 75;0 73,5 0, . 132j9
2500, 0. A8 4 86,3 86,3 __.45 .__81 79.578,2 5 5 76,6 783 8__.83.4 80.3 76ti 75 2 7 2,1 _.1
3150. 0. 82 8 84.5 83.5 79.3 78.6 72.8 73,8 73,6 72.8 74 3 76,3 79,4 76,3 73,3 73'2 71,5 0O Of 132,4
A000, 0. 4579 83,9 A7.7 84.4 81.7 7.7 779 75.7 74.8 734 77,3 76.5 77,6 75,6 735 71.5 o 1___.0. 1352
500 0 . 0. 87.5 87.3 85.0 8423 82.4 78.1 78,3 72.9 733 73.8 748 .76.1 75.8 3,1 70;7 68,9 o, o. 135,0

...A300 0 5.1 85,6 87.8 _8,8 82.8 90 78 6_L 75L 7 76LZ6 756 803_84,6 79,7 76,7 745 71. 8B o0 157.5
8000, 0, :4.4 86.4 84,1 8471 81.4 77.4 77,4 74.1 74,1 73.9 77,7 80.4 79.2 75.9 72,8 69,3 0O 0, 13614
1000, .0, _291 83,9 33,8 8__2 'B i0.175.1 75.9 72.7 73,1 711j9 75,7 77.8 76,7 74,7 70j8 68,0 L__. __,S16

.OYERAL. 13.8 97.2 96.3 96.7- 94'.7 _95 3 92L_9.,7 90.5 90,6 9~ 93,9 94, 94,0 91,7 91i9 90.4 1 8__138 18479
PN, 0. 110.0 109.3 110,4 10727 106.9 103.3 103,1 101.4 101v6 102lJ4 105,0 106.6 105,2 102,1 101,1 9 9,0 0 0
PNLT __. 0. .113.1 11 1109 110.9 107,0 105,5 103.0 102v8 103.4 106,3 107,9 105;7 102,1 101,1 99,0 0O 0.

Figure 164.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 70% Nfe

LONG INLET WITH 36" MPT TREATMENT CONFIGURATION

U. 10~. 20.0 30.0 40.0 50.0 60.0 70.0 80,0 90,0 100;0 110.0 120,0 130,0 140,0 150,0 160,0 170,0 180.0

50 0. 738 72.7 72.4 7279 72V6 72.9 75,4 76.7 77.5 7146 7849 80,6 81,8 827 866 88, 0 0 13,2

6 .. 0.... . 7179 73,13._261_ 735 73.7 74.0 7516 76,6 79n 789 79t, 80,6 8,0 81i 2 8416 85,3 a, _ ,__±.2i2

80, 0 74.8 72.4 72.4 71.'1 74.2 72.7 73.5 75.3 7674 76"4 77,7 80.4 80,8 82,5 84,5 84,6 0. 0' 131,8

_JO0. .. 75-8 . 74IZ 7 754 78. 7i.7 78.8 80.7 81.8 81.6 83.0 84,6 85.0 86.0 88.5 85.8 Ov O16 5&10
125, 0 77.4 81.2 82;1 8175 86.2 91. 92,9 92.2 89'1 8699 91, 90,9 87,4 99 1 912 8812 O, . 143

__16 .. -- ~15 '9 _9o 0. B 5 8 83 85 867 86,9 86,1 85'7 87,3 87,9 87,2 86.9 86A6 85.9 nrs , .

200, 0. 78.0 80.1 79,7 80o4 81.1 80,9 81,9 82.1 82v2 81j8 82,4 84,8 84,3 84,2 83*7 84,0 0' 0. 136,0

_825o, 788 77'3 78.R 76.9 77,9 8n.8 79.8 A~ n 82.4 83.1 84.0 83,2 84.6 82,3 n0 0. 134A9

315, 0, 780 793 78;9 77 5 78.8 78.0 80Q 81,8 82r2 83.0 841i 85;0 84,3 84,3 8217 84,0 0t 0 13560
-7-6- 8- _ __12 76703 77.7 7A.0 77.8 79.6 atin Rgo7 8i 2 82.6 82.2 82. 0  8925 8929 n. 0. 134-;2

500, 0O 79;1 76.7 82,8 76.2 76.6 76.9 77,4 78,4 79v6 795 80,8 81,5 82,0 82,0 82;4 82,0 01 0. 1 318

__630 - 2--02 0A 09 776 76.0 75.3 76,8 78.0 RTOn ABp'9 82.2 84.2 83.4 81.4 82;0 82.5 oa 0. sj3AF6A

800, 0, 873 82,3 83;0 79 5 79;0 77,2 77,7 77,9 79,8 810 83 5 86.0 83,0 80,9 81,6 79,0 01 O 135, 6

_ 9..... D . 3 843 832 _ 8,4 79,n 761 77.2 77,1 79. o 79 0 81,3 84,2 80.5 79.2 81 79;5 O 0a, 13

1250, 0; 84;1 84.3 84;, 80,4 80.8 77,0 77,7 76.9 78.1 79.1 79,4 82,2 79,3 78,2 79,0 78,0 0, 0. 13542

49__00 . .5 93.,2 -98 91.4 91.9 87.1 86.9 86,2 82,1 80 9 82,3 83,9 80,2 79,2 8110 81.2 O 0 _A1.1

2000, 0. 86:4 84,6 86.0 8177 80.1 79,3 78,0 78.3 78 1 77"9 81,6 .82,1 80,6 8,.5 99;3 78,6 0- 0, 135A

20s.. ... 903 895 _6,-98A78 81.n 8n.2 80.0 77,9 7913 -80i2 82.5 85.2 80.5 78.4 77;8 77.5 n. a, 1A3I2

3150, 0. 9.8 94.7 89;6 8573 85.7 79,6 80,4 77,6 77t4 78"3 79,0 82,6 77s8 76,5 7713 76j9 Oi 09 1889

-0-4 0. 21 i90,7 872 83.R 81. 0 85.5 78.4 775 77^6 79.9 80.3 78,9 78.9 77;6 75.9 0. 1nj36

5000, 0. 92,3 91.2 89.0 9077 84,9 83.3 84,2 77,1 7642 7748 7642 78.8 77'1 76*3 7'Si 7341 0o 0 9 139

_6300_ ._8 9 84.8 87 836 79,7 795 77. 80,8 83M5 77.6 76&9 76!5 74,8 O, 0,

8000. 0. 86:4 88.5 86:3 8676 84.3 80.5 81,3 76.3 771t 76'9 80,4 84.3 82,3. 79,4 77;0 73,5 0r 0. 139,2

__M .3 __ Ae4 85.1 84.7 85:4 82.8 78.1 79.7 76,0 7610 74.9 77,0 79,9 77,2 75*9 74;7 72,9 0 .O. I38R2

_YALLa__1 81_F9 91 98 969 958 968 96,1 95.0 94.7 96,8 98,1 96,4 96.3 97 5 9626 13.8 13.8 jJ1J4
PNL 0. 113.7 115.2 113.2 1118 109.9 106.9 107,6 106.0 10571 105;4 107.3 109.5 106,5 105,8 105;7 10448 0, O,

N0T 01_ 116.1 115.1 15.1 115:*2 113.7 109.9 110.6 108.9 106,4 105.9 108,3 110.3 107.3 106.3 106.3 104,8 0. 0,

Figure 165.



QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO. STANDARD DAY

150' (45.7M) ARC; 80% Nf
c

LONG INLET WITH 36" MPT TREATMENT CONFIGURATION

u. l.0 20.0. 30.0 40.0 50.0 60.o 0..0 8O.O 9010 ±n0 110.0 120,o0 130,0 140,0 150,0 160.0 170.0 180o.0
FREQ W_

50, 0, 77.9 76.7 77.3 77.0 .77.4 76.5 79,6 80.8 819 81.6 83,0 86.7 86,9 88.7 92,8 95,0 01 0 . 1819
63, 0. 79-2 76.2 77.8 76:5 77.6 76.j 79,17 8 _ A:9. 1i7 29 85.6 864 f _.1 ,9 _9 1 , 1374
80. 0, 78.4 76.C 78,4 74 9 76.4 76.3 786,2 79.2 0.6 81'.3 82,6 85.5 86.4 88.6 91.6 89,8 D, 0 137,4

1,00, 0 77.8 76.8 79,4 784 7_99_ 78,7 81,6 82.6 8 8_ .9 86, 89,_. 90,1_ 9 2,1 949 ___ 440
125 . . 0-1 79.1 84.7 8575 87.2 87.0 88,9 89.0 88,4 89-8 91,3 92.0 93,0 93.4 9512 92,5 0. 0 143,8
160, 0 79.1 82.2 355 87'3 87.7 87,8_899 88.7 88,9 _898 9.1,0 92,8 92.0_2 2299 9_ 0. 1436
200, 0. 1.0 83.3 34.6 84.7 86.1 84.9 85.8 85.8 86.2 86.8 88.1 89,7 89,3 89.1 89il 89,1 0O 0. 140i8
250, . 51.0 82.2 83.6 80,7 82,-1 80a2 0 -82 6 l -9 ._ __4 ,1 71 4 8 8 .7 891 9j__ 87.9 872 _ __D 19
315, 0. 79.9 82.0 32,8 8074 82.8 82,1 84,8 85.8 85.9 86'.8 87,4 89,7 88.2 88,0 888 85,8 01 0, 1i40;0
400, 0. 31.7 81.8 32.3 79.;5 81.9 _80o.7 _2,._829 __5 8410 . 286i2 87, 8 .1._18._87 8_41 _D . .. 0_. 187
500, 0. '34.7 84.7 36.3 83.3 84.8 80.9 83.5 83.6 84.7 84.5 85,8 86,7 85,9 88.0 87,4 84,6 0, 0. 1390
630, 0. 90.4 86.3 90.0 8687 842 8_1,3 84_9 3,9 84 3 84.9 8

6j
3 88.1 874 88,j1 86,8 8 31 . , 140,1

800, 0. '6.9 93.2 89.9 88 3 89.0 86,9 86.9 86.7 84v9 85.8 87.1 89,7 87,2 86.1 85,9 83,1 0o 0. 142i1
1000, o0, )42 91.5 3~,9 86,;6 8.5,3 82,1 82,9 _ 323 _84 4 3 8415 87,9 8 5 ,1 _8 41L 84 _1.1 0 ...... - 140,0
1250. O, l0.3 92.5 90,7 85.4 5.9 83,.9 83,2 s1.9 82i2 82.1 83,0 85,0 83,0 83,1 8300 81 1 01 0, 139;4
1600, 0, 145,3 96.4 )4,.8 89.6 e9,9 -Bz7,3_ ,_ __b8oI4-1 5 , 3 2. 4, 4 8 4,1-1 B 3, 2i8P3 _22 .... -- 0 1..429
2000. O. 97.5 98.3 97.0 91 9 92.1 91.1 91,2 90.3 87.3 84.3 86,4 85., 84,5 84,4 84,3 8362 0, 0 145,3
2500, 0. 93:4 92.5 92,9 90.9 _882 8.7,3_ 86,2 __5._ 8_4, _ 4j 84.5 __86.3 _844 __83 .- __ _ __ 0oA,__42,0
3150, n. '2.0 92.0 91.3 87.3 86.7 81.5 81,7 61.5 81.6 81.4 81,9 84.6 80,9 80,5 80,3 79,8 0 a 0 159,8
4000 , 0. ')2 8 91.8 )3,4 90.4 88.5_ 84,_ 85_ _4.!7 837 8_.5 83,7 83.5 82,7 83.6 817 7 9 9 o_ 1.419
5000, 0. 94.'5 94.2 91.0 91;8 68.2 86.3 86.2 82.2 802 800 79,2 81,9 82.0 80,0 79.1 77,0 o 0. 1419
6300, 0o 91. 0 91.0 92,4 90 . 67.6 84,6 85_ I4.6 83.7 787 810-0 83.5 789_ 79,61 797 ~_27 o9 - , 141g '
8000, 0. . 8.4 91.4 R8.j 88.9 85.3 82.4 83,1 81.0 80.3 80.2 82.6 85.0 81,5 79,2 7812 75,3 O, 0. 141i1

10000, 0. B6;2 87.2 6;8 87'.'4 83.8 _06 81, 79.6 79,_1 76.7 80,0 85.0 82,2 8,j _ 7 8 L7 76 0... , ._14008

OVERALL 13,6 14.9 104,6 13,.8 101.2 100,3 _9B4L 99,3 98.8 98.4 98.5 99,7 101.6 100.9 1_01.5 102,7 1_O4 5_ ,Bi 13, 8_ SiO
PNL 0. 117.7 117.9 117.2 114.5 113.3 111. 5 112,1 111.3 109.9 109;1 110.2 112.0 110.5 110,6 110o2 108,3 0. 0.
ONLT 0. 119.4 119.3 118.3 114.5 114.7 113.2 113,5 113.4 110;5 109.1 111,3 112.0 110,5 111.7 110,2 108,3 0. 0.

Figure 166.



O0

QEP ENGINE "C"

1/3 OCTAVE DATA CORRECTED TO STANDARD DAY

150' (45.7M) ARC; 90% Nfc

LONG INLET WITH 36" MPT TREATMENT CONFIGURATION

o. 10.0 20.0 3J.0 40.0 50.0 60.0 70.0 80,0 90,0 100.0 110.0 120,0 130.0 140,0 150,0 160,0 170,0 180,0
FREQ. PW

50. 0. 31.8 80.3 81.8 82.:7 82.9 81.9 85,0 84.8 86,9 86.8 89,5 90.7 93.7 95,8 100,4 102,6 0, 0 1457
63, 0. 843 80.5 12.9 81:9 829 81,8 84,984. _5, 9 87 89,5 89.8 92,9 93,8 9715 98.8 4_ 0, 143,6
80, 0. 83.6 82.2 83.5 s1.3 84.5 83.4 84,5 84.4 85,8 86.3 89,1 90.5 93.7 94,4 98i1 97,4 0 0, 143.8

100, 0. 332 80?7 84 0 82 9 93.8 26 0 5.2 86.8 88J8 89.9 92,5 94.1 96,8 97.9 L01,6 96P 9L_ O0 146,6
125. 0. '12.4 81.7 86.0 86*1 88.0 87.4 91,1 91.4 93.2 940 95 96,3 99,-99, 101,9 -93 .O 0 1486

160, 0, m4.2 87.5 91,8 91'0 92.8 91,7 93,9 93.. 9. 0 _95 96,7 96,9 981,8 __8,8_ 9 9 9 96 __Qa.O o0, 49i0
200, 0. 85.2 87.8 18.9 89:5 90. 2 89.0 90,0 89.9 91i3 91.9 93,8 94.1 96.1 95.8 95,7 93,8 0O 0 146,1
250, 0 . 4.3 85.5 88.0 85.9 87.i 85, , 89,G 89 9,9 909 92.5 92.9 96,L 51 94A 722,8 - D or 14512
315, 0. !5.3 84.6 85,7 86:0 86.1 87.0 90,1 90.0 91.1 92;2 92,8 93.2 93,9 93,8 94 5 92,1 0, 0, 14510

400t 0. 91.1 86.7 88,0 86'8 96 .i 9A48 _6,0_ -38 93-B 91'9 92, 92,9 93,7 4_ 95 ~14910 .0 14 7 3
500, 0. 92.9 87.6 92.7 87.8 91.0 90.0 92,1 90.7 91.1 92.7 92,6 91,8 93,0 93.7 94,4 91.6 0, 0. 145,7

630, o0 91.6 89.1 93.1 90.2 91,2 88.2 -90,5 89D 900..2 90'1 91,8 92,2 93,4 -_930 921,0_ 89,3 0 O, 14510
BOO, 0. 91,1 90.8 90.1 89-0 88.1 85.8 86,9 87.0 87,9 89'9 91,5 91.9 9211 91.1 915 88,1 0. 0. 143 ,

1000, 0, 95.3 93.2 93,3 920 91,.4 87,2 89,2 86.9. 87, 884 90,0 91.3 90,3 130. Di0_ 87,0 7 O* O 1442

1250, 0, 93.1 91.9 92.1 901i 90.2 87,0 87,9 86.8 86.2 86'0 87,5 87.8 88,7 88,9 88;8 86,8 O. 0, 142,8

1600, 0. 9116 90.8 93.0 88 B 89,2 87.3 87,1 87,2 .6s 1 8549 87,9 86.9 88,4 .8,0 7- _86a 01 O0 142;5
2000. 0. 100.8 97.2 101,3 95:2 92.7 91,3 90.7 91.6 89,6 87.1 90,3 88.2 89,1 89,5 89,0 87,3 Or O, 1475
2500. o. 96.8 95.0 96.3 9325 91.4 89.4 89.4 87.3 85 .4 881 69,0 89,2 89.2 .58, 8;0o 64,5 O0 0, 14852
3150, 0. 92 0 93.? 93.P 90.4 89.8 84.7 85.5 85.8 84.8 844 85,4 86.7 85,4 85.4 85,2 84,5 0, 0. 142,6
4000, 0, 14.? 92.3 96.8 93.5 9?06 86.7 86,8 06.7 3672 _844 .7,5 86.4 87,4- 5- 8 5 . 84.5 0, 14416
5000, 0. 95.3 94.7 93.2 93.9 90.4 86.9 87,0 83.9 83.3 8421 82,8 84,9 86,1 84,1 8307 81,2 0, 0. 143,8
6300, 0. 11.1 91.3 93.6 91'7 B78 84,. .59 -5!6 B4 9 4-4,1 84,5 .83,7? _3,17 853825 -0 0. 1430
8000. 0. 89.3 91.1 89.2 91.1 7.0 83.1 84.2 82.3 83.5 82.9 83,9 84.2 84.0 81.9 81;8 81.1 01 0. 142;5

10000, 0. '162 86.7 66.7 90.6 04.8 7-9,9 80,9_ 810 .. _9 81.7 05,4 87.0 85.7 -83.7 8Q28~_81,8 A _0, 142,9

Y3ERALL 13.8 116.2 104.6 1:6.7 104, 1 1038 101i.8 13,2 1025. 1 13.0 o10~ 4 105,0 105.4 107,~ 107, # 41040 7 13t,8 138 159,1
2 NL 0. 119.9 117.9 120.5 117.5 115.9 113.5 114,3 113.9 113.6 113.4 114,8 115.1 115.8 115,4 115,8 113,5 0. 0.

?NLT 0. 122.1 119.3 122.7 118.8 117,2 114,5 115 2 115o§113-6 113o4 116.0 115,1 115,8 -W01,11518-_11j!i . . 0 1

Figure 167.
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